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ʘ΍ʖ  ƈ̔  
 
1.1. ʰʾΊʮˎ΋ľͿ7ʮˎľͿȺ  
 19£ʩʯOKʹJʰʾH˜į;ƓƯƓƱP̓AL/Fɔ˦Ǹ¹ʰʾΊʮˎ΋
PÃŉ6ľͿ)ĽDŒC2/[X;ʋʱʮˎPÃŉ6ľͿ)L$76ɣĨPʸ
ǅ)L$7ěˏ79K-;Ƙwtˍʰʾ;ó¶ľͿ:IKʻʸˤʮˎPÃŉ6
ŅȞ)L$7:Ʊÿ'/&J:tf:ILʰʾJʮˎPČͫðǘ&+LƸ
˳;ʆʕ:IKʮˎ;ś͏ɷ̋Ëěˏ792/ɟĸGŊ!;ʄʔ6Çɥ&MLɔ
͝ŅȞěˏ9ȃĆʮˎ6LVhʻʸˤɛ LʮˎȃHŖŞɴɸʮˎȃ6L He
Laʮˎȃ<$;ʹȓʕ&M/̰ Ƅ6<ʰ ʾľͿ:Ƣ˽9ľͿȺH˱ȾřË6ȏ
9ʑͽ;hrTp_šį&J:<_oH\höƜěˏ9ƧɂȐΊU
]m΋Ž̜&M/$76ɔ˦ɷ9ľͿǓÅHÃŉľͿ;/F;ɢńƓƱ
šǤ:9KʮˎɣɘŘ;D9J*ɴʄʔHVThʄʔ;ɵŲ&J:<ľͿʮˎ
;Ĉɳƣɥ@7392/7̃L 
 Ãŉ6;ʮˎľͿ:5͍˽9$7<ʮˎʑ:2/̓ñ9ɣˊɢń;öƜ6
LöƜıŖ7'5<ȤɽΊ͋ʫ­͋Ćɑʫ΋ɂƉPHȸ̵ķʙǇ#JML
&J:ʮˎ@;̓ñ9ȁͿƱð;ÉʳGɣŗŅȞPʸǅ)L/F:͍˽6Lɟ
ĸ˲OM5LʮˎľͿ;Ŋ!<Ȥɽĕ>ɂƉΊPH΋< CO2U]m:I
KPHĕ>ȸ̵ķȁͿƱðÉʳ<ʮˎľͿȺ:IKöƜ&ML$76̓ñ9ľͿ
ɢńƓƱ&M5L&J:ʮˎ<ɣŗĕ>ŅȞ:Ƣ˽9͋ʫĕ>ȁͿƱðPȹ̝
)L$76ʮˎè¶̕PÍ'ɣŗĕ>ŅȞ:Ƣ˽9Xy^PÅLǞ6$;¶
̕ėƣ:¾͋ĆhthH˃Ɗɘɵɣ'ɣŗɢń;ňĆ(PH;ňĆȡƦɘ̠;
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˩ʓʙ)PƎ ̣$)$7J$MJPƺL$7ěˏ9ƱðHȽĀɘPģEʮˎľ
ͿȺP͖ɵ̈́ ƿ)L$7GC/Ãŉ6;ʮˎľͿ:5͍˽6L7L$;
I:ɣÃɢńPȒ'ʮˎ;ɣŗŅȞ:Ƣ˽9ƱðPÉʳ)L$7<ʲǼɷ:ɣ
Ãʰʾ¦;ʮˎ;ȔˏHÙ PÃŉ6̋Ë)L$7Pěˏ7)L 
 ʮˎľͿȺ< 1911Ƅ: LewisJŃͽɇȺ:Sz͋ouPĀÅ2/
;ǭó;ĞƱľͿȺ6L7&M5Lƒǥ<ʰʾǂïȺ:˱ɋHŃͽɇȺPĀ
/ȺÃľĹÇOM5/1950Ƅ¶: Eagleʙ<HeLaʮˎʙ;ľͿ;/F: Eagl
e’s Basam Medium(BME)P͖ɵ'-;ƘɟĸÇɥ&M5LľͿȺ;h79L m
inimum essential medium(MEM)P͖ɵ'/Dulbecco’s modified Eagle’s media(DMEM)
HMEM<ľͿ)Lʮˎʑ:ĞO+ MEM:ģCMLʑıŖ;ɎƉP̓ǚ)L$
76ÅJM/G;6L1940Ƅ¶ƘĊ~1960Ƅ¶:<ľͿȺ:Ąɘ˱ȾPĀL˱Ⱦ
ľͿ¨ȴ:92/-;ƘʮˎŅȞıŖ;ɵ˾ʙJ˱ȾPÇO9ɔ˱ȾľͿ
ʄʔɹQ:˲OM̰ ƄêɣĈɳ;ŜɥĆɟŜħPſ>ŒFL9řãƦHƦˏ
P΅FLɻɷ6ɔ˱ȾľͿȺê>Ȱɻ&M5L 
 ʰ Ίʾʮˎ΋ľͿȺ;ĿǴɷ9Ʊð<”ɔȔŃͽ	”Sz͋””ɑȥĆɘ””m””
Ɵ͏͐ų””Ȅ͋ù΁ɘ̠
6L¨:ɔȔŃͽ<ȥɇȺ¦;ȸ̵ķĕ> PHUZ
ʰƱʙɘɡĆŘɷǸ¹P̓ǚ)L/F:ɥJMLǞ-;´ıŖ<-M.Mʮˎ
;ɣŗŅȞ:ȕ)¬ïǹ9ıŖ6Lɟĸȧɥ&M5LĄɘ˱Ⱦ<ľͿ
Ⱥ:ģCM59ŅȞıŖHː̠SƟ͏͐ųʙP̙ť:ģE$7Jľ
ͿȺ:˱ȾPĀL$76ȏ9ʑͽ;ʮˎ;ľͿPřśĆ)L$7 6ɟĸȑɆ
ɷ9Ǟȭ7'5ʆʕ&M5LǞ6˱Ⱦ<ģǯ&M5LƱð;̍ʮǣJ6<
9$7Lot.Ƞ:Ʊðɮ9L¬JLʑ;ƱðȔˏ̂Ǻʙ;ʄʔ:<Çɥͬ
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'&J:ľͿʮˎPĈɳ@ƣɥ)LêɣĈɳ6<ə:Ąɘɧǹ˱Ⱦ:5-;
ƼđƦHɱđƦVThȼâ;ěˏƦĭͻ̀&M5K$;ŧʜ;37'5
ɔ˱ȾľͿȺ;͖ɵ̼Q6Lɔ˱ȾľͿȺ<˱ ȾPƢ˽7'9ľͿȺ6K
¨:˱Ⱦ¦:ģCMLıŖ;1ʮˎ;ɣŗĕ>ŅȞȔˏɵɟ:Ƣ˽9ıŖ;DP̈́
ƿɷ:ľͿȺ:Ā5ÅJMLɔ˱ȾľͿȺ<-;ȎƱƱðğś&M5L$7
Lot.͗źŮ9$7ƼđƦHɱđVTh;ȼâPİ͆6 L$7ʙJĿʇʄ
ʔ;D9J*Ĉɳƣɥ:5Gǯɥ9q6L7L 
 
1.2. ͗˧ʨƅʮˎ  
 ͗˧ʨƅʮˎ(MSCs)<~tƱÃʰʾ¦:ŗĸ)Lʰʾƅʮˎ;36ƅʮˎ;ə
Ơ6L˞Ż˼˻ˏH͗˧ʨ;ˍ˧:ɧǹ)LÃʮ Ίˎːˉʮˎ΃ˤʮˎ̪ ΃ʮˎ
ʚˆʙ΋@;ðĆˏPǯ)LMSCs< 1970Ƅ: Friedenstein et al.(1970):I25΃΄
¦:èɸʮˎH_Rg7<ɮ9Lʻʸˤʮˎȏ;ƓƯPʈ)ʮˎ;ŗĸʆ
̎&M-;ʮˎƅʮˎ;əƠ6LČʮˎJcwƓƱP˲$76 L
(CFU-F)ʮˎ7'5ğś&M/MSCs;ɣÃè6;Ù :35<ǲ0ǣJ:92
59ʰ ʾ¦6<͗˧ʨʰʾ;˱ʞĦɸʰʾ:ŗĸ'-;ŊðĆˏHȏ9d
Ut[UɤɣˏJĦ̮ɢń;ʸǅ:ţ¡'5L7˄JM5LɟĸC6ğ
ȏ;ʮˎƓƯHƦ̠PG3ʮˎ˱Ⱥ˛ſ˱˛ſˌɺːˉȚȅɈ˙Ț
ĦͰſŖŞè˙ʙ;΃΄·ŉ;ʰʾ:Gŗĸ)L$7ŀĥ&M5LΊFukuchi et 
al., 2004, Huang et al., 2009, Hermida et al., 2011, Tondreau et al., 2005, Park et al., 
2011, Schwabet al., 2008, Baksh et al., 2007, Sarugaser et al., 2005΋$;$7J MS
Cs7'5;ś˂Pǣʆ:)L/F International Society of Cellular Therapy (ISCT)Ŀ
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ɆPśF5LΊDominichi et al., 2006΋-;ĿɆ<ĿǶ@;ǊʀˏPǯ)L$
7CD73, CD90, CD105 95%·;ʮˎ6ɵɟ'Ǟ6 CD45, CD34, CD14,C
/<CD11b, CD19,C/<CD79α;ɵɟ 2%·;ʮˎͩĲ6L$7΃ˤʮˎ
ːˉʮˎ̪΃ʮˎ@;ðĆˏPǯ)L$7;Ώ36L''$MJ;ś˂:Ɇ
(/ʮˎͩĲ;1šį@;Ǌʀ7 CFU-FƓƱ˾JM/ʮˎ;DŊðĆˏPÎ
ǅ'5K$7ŀĥ&M5L(Russell et al., 2010)$M< MSCs;¦;͇;ʮˎ
ͩĲÄJ;ʮˎʨò@cptt'ƅʮˎ7'5;Ʀ̠PŎ25Lʮˎ
ģCM5LěˏƦPʈ)G;6KMSCs< ĺ9ʮˎͩĲ6L7G˄JM
5LC/ MSCs<ɧǹʰʾȠ:-;Ʀ̠ΊŅȞ̸Ɖ˵ͯƼđɵɟHðĆˏþ΋
ɮ9L$7Gŀĥ&M5KMSCsPVh:ʏȊ'/ŁĞ΃΄ɧǹ MSCs<΃P
ƓƱ'Ț΄ɧǹ<̚ɗ̠PɮƴƦ:ƓƱ)L (Batouli et al., 2003)$;I: MS
Cs;ɧǹȠ;Ʀ̠;́<ǣJ6K-M.M;Ʀ̠;̂ǣ:<&J9Lʁ˾
Ƣ˽6L 
 MSCs<ȏ9ȔˏPǯ)Lŋ 9əƠ7'5<ŊðĆˏ7Ŋʑͽ;dUt[U
ɤɣˏ;­3Ǉ#JMLMSCs<Þ:G̲A/I:ːˉ΃̪΃ƃɈʚ
ơʚ˖ʙ;¦ˍ˧ʨ;ʮˎ:ðĆ)L̰Ƅ6<ˇ˜ʮˎ(èˍ˧)˚˜ʮˎΊè
ˍ˧΋ʋʱʮˎΊŉˍ˧΋ʙˍ˧P̤5ðĆ)L$7Gŀĥ&M5KΊreview 
of Zhang et al., 2012΋±Ƙ&J:´;Ãʮˎ@ðĆ)LŀĥƱ&MLěˏƦG΅
!ʰ ʾƅʮˎ;ʑ6K9J-;ƁƆÃʮˎ@;ðĆˏ<Ȱɻ)A Ȕˏ7
L 
 Ǟ6MSCsJɤɣ&MLdUt[U<͗Ǌɷ:ɣÃʰʾ:ȏ9ƔͲP¡
L-;37'5 MSCs;àɯƺöˏLæÃɷ:MSCs< TGF-β, IL-10, PG
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E2, IL-6, IDOʙdUt[UPɤɣ'͗Ǌɷ: TʮˎBʮˎNKʮˎȓɛʮˎ
ΊDC΋;ŅȞH IFNγʙ;ȳƦĆdUt[UɤɣPƺö)LǞƺöƦ Tʮˎ;ȳ
ƦĆƺöƦ TʮˎJ; IL4H IL10ɤɣ̏ŬPƎ ̣$'ƑàɯƺöÅɥPƬ
̣)L(review of Sharma et al., 2014)&J:dUt[Uɤɣ:IL͗Ǌɷ9Åɥ;
D9J*ʮˎ˵ͯ:ɵɟ)L Notch ligandH Jagged-1P²'Tʮˎ7ɼǊǊʀ)L$
76 Tʮˎ;ȳƦPƺö)L$7GʁJM5L(Liotta et al., 2008)$;I9 MS
Cs;Ƒþ9àɯƺöÅɥ<GvHDHVoʙàɯʨɰƨ:ŧ)Lǝ/9Ȫɳȭ7
'5;õɥȰɻ&M5KĄɘŜ΂;D9J*~tPŧ̚7'/˝Ƈʄʔ:5
G-;ǯăƦŀĥ&M5L(Mcintosh et al., 2006, Niemeyer et al., 2008, Ra et al.,
 2011) 
 C/ MSCs<ʮˎ;U`f(SDF-1 CCL, CXCL)HðĆʰʾÏƝ;
̏ŬΊVEGF, bFGF, EGF, PDGF, TGF,HGF, IGF-1΋ʙ:͘¡)LdUt[UPɤ
ɣ)L$7GʁJML$M< MSCsɣÃʰʾ¦6͗˧ʨʰʾP¦ơ7'/Ħ̮ʰʾ
;ʸǅ:Ù!/F:ǯ)LŊȏ9Ȕˏ;37˄JML$; MSCs:ILdUt[
Uɤɣˏ:ʀɻ'MSCs;ľͿȾPȕǐʰʾ;Ȫɳ:ɥLʄʔG̼FJM5
K-;ǯăƦʆ̎&M5LΊOsugi et al., 2012΋ 
 ·;ɒJIK̍ʮ9 MSCs;ğśHʰʾ¦6;Ù ʙ ǣ9ɒ<ŊLG;
;ȏ9ƱÃʰʾ¦:ŗĸ'ʮˎlh̙ť6L¬H-;ŊȔˏƦΊŊðĆˏ
HdUt[Uɤɣˏ΋<êɣĈɳ;/F;ǯɥ9q7'5ͮƀ:Ȱɻ&ML 
 
1.3. êɣĈɳ;ɟɛ  
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 ̰ƄʰʾľͿƸ˳HĝɣɘŘʄʔ;ɵŲ&J:<°ŹŊˏƦƅʮˎΊiPSʮˎ΋
;͖ɵʙ:IKƚǹ;ȪɳȭΊƵ˳HˬɘȪɳ΋6<ĉð9İƝ˾̯F9ʰʾ;
ȕǐHȔˏ ã:ŧ'ʮˎPʏȊ'ȔˏİƝP̄LêɣĈɳΊʮˎȪɳ΋Ȱɻ&M
5L êɣĈɳ<ƚǹ;ĆĞɘHɣɘɧǹıŖ:ILɣÃʰʾΊʮˎ΋;̟ȳĆ
HȔˏöƜʙ:Ŀ4/ˬɘȪɳ7<ɮ9KʏȊ)Lʮˎĕ>ʰʾ˞ÃȕǐʰʾP
˺ÏƝ)LȪɳȭ6L̷ƀȪɳ:<ǙŊ!;ʮˎƢ˽79LʰʾľͿƸ
˳;̼ș:¾B7Q8;ʮˎʑ<šǤ:Ãŉ6ľͿŅƁěˏ:92/$;$7
JŊ!;ŁĞʰ ʾJǉę&M/ʮˎ<Ãŉ6ľͿ'ŅƁĔ<ĀŹΊðĆHȳƦĆ΋
&M/ƘȪɳ:Çɥ&ML 
 Ǡ:£ɫĝĹ6<êɣĈɳ;ŜɥĆŒC25L£ɫ6ŜɥĆΊŽ΋&M/ê
ɣĈɳ˻Ī7'5<˞ŠľͿ˵ɸĕ>˞ŠľͿ̪΃˞Š΃ʙLĶô6<ʤĶ
ΔĪɻȗŸ 20ĪɻͱĶ 14ĪɻŜɥĆΊŽ΋&MĝĶ7G&J:Ŋ!;˻Ī6
Ȫ΂˲OM5LΊē˄ΕʱɀɤȌɾ	êɣĈɳ;ŜɥĆɤȌĆ:ġ"5
΋
ǞǡǴ6< 2014ƄɟĸC6:Ίȃ΋J-TEC;˞ŠľͿ˵ɸ”gWUh	7˞ŠľͿ̪
΃”gp_
;ΎĪɻŽ&M5LC/ɟĸȪ΂ȟͣ6Ȣ̬ɷŜɥĆ̰7
˄JML˻Ī7'5<rΊȃ΋:ILˮ˱Ʀơɰƨ:ŧ)L˞Š΃Ȇʚˤʮˎ
ftHÞʗĈɳ̼˲̛Ĳ;̪΃ȕǐ:ŧ)L˞ŠľͿ̪΃(ȃ)J-TEC:IL˵ɸȥ
Ȯɲ:ŧ)L˞ŠľͿ˵ɸ-'5ǵƂĈʍŋŘɱ͞˲΃΄ɧǹ MSCsPɥ/S
r˱ȂƦ˓ȇłĕ>ˑ΄ǐ×Ȫɳ&J: JCRRΊȃ΋:IL GvHD«
͚Pɻɷ7'/΃΄ɧǹ MSCs;˻ĪʙL$;I:´Ķ:ȢAǡǴ6<Ž&
M/Ǚ<Ů9!ï̽M5LĎ̚LG;;±Ƙ;&J9L̼ŲǱƖ&ML&J
:$MJêɣĈɳ˻Ī;ŜɥĆ<ʱ ɀ@;ƔͲGŋ !2030Ƅ:<ǡǴ6΍Ýé
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£ɫ6< 10ÝéP̤LʱɀăǼǱƖ&M5LΊĴ 1΋$;ɛȫPĚ"5êɣĈ
ɳ˻Ī;ŜɥĆPÍ̼)L/FǡǴ6<ǝ/:êɣĈɳ:͘)Lȭ˿öPśFêɣ
Ĉɳʙ;řãƦʆÎʙ:͘)LȭƗΊêɣĈɳǝȭ΋P 2014Ƅ 11Ǯ 25ǡ:ǟ˲)L
C/ɟ˲;ˬ¬ȭGǝ/:ĈˬĪĈɳȔįʙ;Ī̠ǯăƦĕ>řãƦ;ʆÎʙ:
͘)LȭƗ7ǕȘ&MêɣĈɳ˻Ī;˻̹̜Ň:͘)L˿śǝ/:ɹK̯CML
$MJǝ/9ȭƗ;öś:IKŽC6;jhʣɭĆ&MŜɥĆPÍ̼)Lȴ
M6 /$7HʮˎĀŹȌąPºȌĚ̆6 LI9³ʰDPɹK̯E$76ê
ɣĈɳP3;Ĉɳð͎7'5;Àˀ4"6<9!ǝ/9ɤȌ7'5ºȌPż ̯Q
0jhÅK̼FJM5KĶèŉ6êɣĈɳ;ŜɥĆIKŴ̼E$7Ǳ
Ɩ&ML 
 Ǟ6êɣĈɳŜɥĆ:<řãƦͯ6Ŋ!;̒ͻȝ&M5Lɟĸ˲OM5
LľͿ;Ŋ!<ʮˎ;ĀŹ:Vf˱ȾPŒF7'/ĄɘɧǹıŖPÇɥ'5K$M
JıŖJľͿʮˎP²'/˷΂˅@;VThƮǿHǯş9àɯėƣɵɣ)Lě
ˏƦʙŊ!;ď͡ƦPǀ5LΊBjare. 1992, Price and Gregory, 1982, Even et al. 2
006΋ʤĶ; Food and Drug Administration(FDA)<Ȫɳ:ɥLʮˎ;ľͿ:Çɥ)
L FBS:35ZƮǿʙ9əś;ĹĽ;G;:͝ś'5ÇɥP̉ě)L
77G:-;řãƦ;ʆ̎PƑ!ȦF5L(Halme et al., 2006)''$M<ĉ
ð9řãƦ;ǃÎ:<39J9/FFBS:¶OL¶ǬɘHǝ/9ľͿƸ˳;͖ɵ
Ƣ˽79Lʱ ɀɤȌɾ<êɣĈɳŜɥĆĕ>ɤȌĆ;/F;Ƹ˳ɷ̒ͻPʈ'/ê
ɣĈɳð͎;Ƹ˳pΊʱɀɤȌɾƸ˳Ʋɭp 2010΋Pä͖'5L$;Ƹ
˳p6<΅Ʀˏ9ľͿȺ;͖ɵêɣĈɳɤȌĆ;/F;Ƹ˳ɷ̒ͻ;37'
5Ǉ#JM5LæÃɷ:<	řã¢3΅ăɞ9ľͿěˏ9ÁËȆ9ľͿȺ
7'
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5řãƦ;ǃÎ&M/˱ȾľͿȺĕ>řãƦ;ʆÎ&M/΅ŅȞƦˏPǯ)Lɔ˱
ȾľͿȺ;͖ɵPȦF5L$;I:ľͿƸ˳;D9J*ľͿȺ;Ǖˢ<êɣĈɳ
;ǢǱŜɥĆ;/F;͍˽9˽ʫ7L 
 
Ĵ΍êɣĈɳ;ūǹŽŁ«Ƀ 
ïçΕ ȃƍ¼ʊfuw`ƃƱ 24ƄƉ¦ŭºȌǔǏ̓ȀΊêɣĈɳ;Ħ̮
ɤȌ:͘)L̓Ȁ΋ŀĥǫIKƾʥ 
 
 
1.4. ːˉɧǹ͗˧ʨƅʮˎPÇ2/êɣĈɳ  
 ŊˏƦƅʮˎHʰʾƅʮˎ<Ãŉ6ľͿĀŹ)L$76ȏ9ʮˎ:ðĆ)L$
76 L$7J-;ȧɥƦ<΅ƅʮˎ;˝Ƈƣɥ:<ĭͻGŊÈ= E
mbryonic stem cell (ESʮˎ)<~tĚʦˍJǉę&MLǉęǥ:~tɵɣ;Ü7
9LĚʦˍPʅņ)L$7Óɡɷ:ĭͻ̀&M5KʮˎPšǤ:ƛL$7ͬ'
ͅ ½ŖŬâ:IKÅJML iPSʮˎ<Ɠ̠ řś6KðĆ;̿ʐ6ɴĆ;ď͡
΅ɟĸ6<Ŭâͅ½ŖHŬâǞȭǕˢ&ML77G:ɴĆ)LěˏƦÁ
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 iPSʮˎP̈́ƿ)LƸ˳͖ɵ&M33LG;;řãƦPŜ̊'ŜɥĆ:̼E/
F:<ǥ͗LǞ6 MSCs<ȏ9ɣÃʰʾ:ŗĸ)L$7Jǉę:¾
Óɡɷ{u<ÁC/ʰ ʾƅʮˎ6L$7JɴĆ;ď͡ƦŮ9!΅ř
ãƦPǯ)LMSCs<ɧǹʰʾȠ:Ȕˏɮ9L$7Pù̲'/ə:ːˉɧǹ M
SCs<΅ǯɥƦPǅ3æÃɷ:<lh79LːˉʰʾɣÃè:̙ť:ŗĸ'
ːˉʰʾ;ǉę<ƨ˅; QOL@;ƔͲŮ9&J:΃΄ɧǹ MSCsH-;´;ʰ
ʾɧǹ MSCs:ȢAʰʾ¦:ģCML MSCs;͏Ŋ!ΊStrem et al., 2005΋ŅȞˏ
΅$7(Cowan et al., 2004)˱ ȾǾȿɢń̏Ŭ&MLStfh:ŧ'5Ƒ
ǁƼƦPǅ3$7(Peng et al., 2008)ͅ½ɷřśƦ΅¬ΊDahl et al., 2008΋bFG
FH TGFʙ;dUt[Uɵɟɞ΅¬(Peng et al., 2008)ʙ6Lə:̙ť9l
h7ʰʾ¦: MSCsŊ!ģCML$7<êɣĈɳ:õɥ)L6 ATMSCs;
ŋ 9õɒ6L7̃L 
 $MC6:Ŝ΂ĄɘPɥAT-MSCs:ILàɯƺöˏHʰʾÏƝˏ:35ȋ̅
'/ŊǙ;ŀĥL(Cowan et al., 2004Yañez et al., 2007)&J:<~t:ŧ)L
˝ƇʄʔG˲OM5KňƓƦ͘ʟɲ͘ʟVoŋ˘΃͸ņȜɲªƳêƌʙ
PŒF7'/ȏ9ɰƨ:ŧ'5ːˉɧǹƅʮˎ;ǯăƦʈ&M5L(Gimble et a
l., 2010Gonzalez et al., 2009Lindroos et al., 2011Liu et al., 2008Miyahara et al.,
 2006)$;$7Jːˉɧǹƅʮˎ<ƅʮˎ;¦6Gə:ǯɥ9ʮˎ7'5êɣĈ
ɳ@;ǢǱŜɥĆǱƖ&ML 
 
1.5. ːˉɧǹ͗˧ʨƅʮˎ7ɔ˱ȾľͿ  
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 ːˉɧǹƅʮˎPɥ/˝Ƈʄʔ;Ŋ!<΍İ;Ȫɳ: 1×107-109;ʮˎǙPƢ˽
7)L$;Ƣ˽9ʮˎǙPƛL/F¬ù: FBSPģEľͿȺ6ʮˎ;ľͿĕ>ŅƁ
˲OML'' FBS< Lot.Ƞ:ŋ 9ƦˏźL$7HVThƮǿĕ>͍ʢ
9àɯėƣPƎ ̣$)ıŖ6L$7ʙŊ!;ĭͻPǀLLot.Ƞ;Ʀˏ;́<
Ȫɳ:É)Lʮˎ;ǙHƦ̠:ƔͲ)L$7J΅Ɖ9Ī̠ʞɡPȦFJMLĈɳð
͎:5-;Çɥ<ǰC'!9!Ȫɳ;řãƦ;ǃÎ<ǴĈɳ˲ɓ:5ƢͶ
9G;6L 
 $MC6 MSCsľͿ6 FBS:ILď͡ƦPİ͆)LƵȟ7'5˞Ż˱ȾH´Š˱
ȾΊ~t˱Ⱦ΋Platelet rich lysateΊPRP΋ɔ˱ȾľͿȺʙPÇɥ'/ʄʔŀĥK
-;ǯɥƦŀĥ&M5L(˵΍Shahdadfar  et al., 2005Goedecke et al., 2011K
ocaoemer et al., 2007)''~t˱ȾH PRP< FBSPÇɥ'/ŁĞ7ğȏ: Lot.͗6
Ʀˏ:ŋ 9źL$7ŀĥ&M5K(Parker et al., 2007)C/Ȫɳ:Ƣ˽9ʮ
ˎPİĘ)L/F:<gha6;ľͿƢ˽79L$7JŁĞ:I25<
Ƣ˽9~t˱ȾPĉðʆÎïǹ9ěˏƦ˄JMLǞ6ɔ˱ȾľͿȺ<˱Ⱦ
PƢ˽7'9ľͿȺ6K$MJ˱Ⱦĕ>˱Ⱦ¶ǬɘǀLĭͻPİ͆6 L)
6:Ķèŉ!3;ºȌ< MSCsũɥ;ɔ˱ȾľͿȺP͖ɵ̜Ň'5L(Chase e
t al., 2010)''$MJɔ˱ȾľͿȺ<˻ĪȠ:Ʀˏŋ !ɮ9L$7Hƚǹ
; FBSPÇɥ'/ľͿȺ:ȢAřś'5ľͿ)L$7ïǹ9ʙ řśƦưƤ&
ML(Gottipamula et al., 2013)&J:ɟĸ˲OM5Lːˉɧǹ MSCsPÇ2/ɔ˱Ⱦ
ľͿ:͘)Lʄʔŀĥ;Ŋ!<1-2ʶ¶ɻC6˱ȾľͿȺPÇɥ'-;Ƙɔ˱Ⱦľ
ͿȺ:ñKǬL¬6-;̋ËP˲25K(Lindroos et al., 2009Rajala et al., 2010)
ðͫ-ó¶ľͿ-ʶ¶ľͿ;ã5;ŹʐPɔ˱ȾǸ¹Ć6˲”ɔ˱ȾľͿʨ”<ǲ0ʆʕ
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&M59ː ˉɧǹƅʮˎ;ɔ˱ȾľͿʨȎʡ:35ʄʔ'/ Patrikoski et al.(2
013)<Ŝ΂:Çɥ'/ 6ȋÃ¦ 2ȋÃ<ó¶ľͿ:5ɔ˱ȾǸ¹6<ľͿš
į@Ǌʀ'92/7ŀĥ'5Kɔ˱ȾǸ¹6;ó¶ľͿ;ͬ'&Pʈ'5L
$;$7JAT-MSCs;êɣĈɳƣɥP̼FL/F:<řśɷ:ðͫ-ľͿěˏ
9ɔ˱ȾľͿʨ;ȎʡƢ˽6L&J:<ɔ˱ȾľͿȺ6ŅƁ'/ MSCs:IL i
n vivo6;ʰʾÏƝăǼP̍ʮ:ȋ̊'/ŀĥ<$MC6:9!-;ǯăƦ< ǣ9
CC6L 
  ·;ɒJAT-MSCsPřśɷ:ɔ˱Ⱦɢń6ðͫ-ľͿ6 Lɔ˱ȾľͿʨ
;͖ɵ7ɔ˱ȾľͿʮˎ;ʰʾÏƝ:ŧ)LǯăƦPʈ)$76 M=Ŋ!;ĭ
ͻPǀLƚǹ;˱ȾľͿ:¶OLƸ˳Pʆʕ6 AT-MSCs;êɣĈɳƣɥ:Ŋ 
!ţ¡)LG;:9L7˄L 
  
  
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ʘΎʖ ɻɷ  
 
 ːˉʰʾɧǹ MSCs;˝ƇƣɥPÍ̼)L/FʮˎĀŹŹʐ;řãƦHăɞƦ;ġ
P̄L$76 Lǝ/9ľͿŹʐP͖ɵ)L77G:ľͿʮˎ;ʰʾÏƝ:ŧ)
LǯăƦPʕ̊)L/F·;Ύɒ:35˲2/ 
 
 1. FBSPÇɥ'/ƚǹ;˱ȾľͿʨ7ğʙ·;ŅƁăɞƦPǯ)Lɔ˱ȾľͿʨ
Ίɔ˱ȾǸ¹ːˉʰʾJ MSCsPČͫ-ŅƁěˏ9ľͿʨ΋PȎʡ'ľ
Ϳʨ;řśƦĕ>řãƦPŜ̊)L$7 
 2. ̇ɔ˱ȾľͿʨ6ƛJM/ AT-MSCs; in vivo6;ʰʾÏƝ:ŧ)LǯăƦP
ȋ̊'ƚǹ;˱ȾľͿʨ6ƛJM/ MSCs:ŧ)LÛÀƦ;ǯɔPǣʆ:)L$
7 
  
  17 
ʘΏʖ Ŝ΂Ǟȭ  
 
3.1. ~tːˉʰʾJ AT-MSCs;ðͫ7ľͿ  
 Ǵʄʔ<ʛȯŋŘµųɱ͞˝ƇʄʔÓɡœī¼;Ʒ̎Pƛ5˲OM/~tːˉʰ
ʾ<ơ˜˱ʞŉʍ:5ŉʍƵ˳PĚ"/ƨ˅;1UYucjt:ğƭ
Pͳ/ƨ˅Jǉę'/ 
 ~tːˉʰʾ<{d6ʮǜ' PBS (Cell Science Technology Institute, CSTI, Se
ndai, Japan) +2%FBS(Hyclone, South Logan, UT) +0.1% cbvk L(Nitta gelat
in, Tokyo, Japan)Ĕ<Ǖň αMEM basal medium (CSTI) +2%~t˱ȾSΊHS
A, Sanquin, Amsterdam, Nederland΋ +0.1%cbvk L¦6 37΍ǥ͗U]
t'/cbvkîɡ&M/ʰʾ< 100µm;TmP̷'/Ƙ 20mL
; PBS+2%FBSĕ> PBS+2%HSAP-M.MĀ 1500rpm7ð͗͂ơȲȵ'PBS+2%
FBSĔ< PBS+2%HSA6 pelletPưɍ'͂ơ'/İĘ'/ pellet<˱ȾģǯľͿȺΊS
CM, (MEM (Invitrogen Life Technologies, Oregon, U.S.A.) +10%FBS +10ng/mL bFG
F (PeproTech Rocky Hill, U.S.A.))ĕ>ɔ˱ȾľͿȺΊSFM, ǕňĻMEM (CSTI) +bF
GF, PDGFBB, TGFβ(Peprotech)΋:ưɍƘ25cmΎhcL< 35mm dish(SUMI
LON, Tokyo, Japan):Ǒʑ'375ΉCO2ĀɄɢńΊCO2U]mè΋
U]t'/9ɔ˱ȾľͿ6Çɥ)Lšį<Ty_o(wako)6c
rT`'/G;PÇɥ'/ľͿȺ< 3ǡȠ:ǝΆľͿȺ:¯Ǎ'/ʮˎ<ʪ 90Ή
cXh:̀'/ȟͣ6cvttfΊr-TECSTI΋6hc
:Ǌʀ'/ʮˎPúͫ'&J:ĞƱtfU~mΊs-TICSTI΋6t
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fȳƦP¦ĩ'/Ƙ PBSPĀʮˎP͂ơȲȵ'/ƛJM/ʮˎpt<ś
ɎƉ:9LI PBS:ưɍ'/Ƙǝ/9šį:Ǒʑ'/ 
 
3.2. ~tːˉʰʾJʮˎ;ðͫŹʐ;̋Ë  
 ~tːˉʰʾ<Ǟȭ 3.16̲A/ǞȭI:ʮǜ&M/Ƙ· 33;ɇŕ¦6c
bvkîɡP˲2/ΊǸ¹ΕPBSǸ¹ΕPBS +2%FBSǸ¹ΕǕňMEM 
basal medium +1%HSA΋îɡƘpellet< FBSC/< HSAPģE PBS6Ȳȵ&M/
ʮˎ< 1mL; RBC Lysis buffer (154 mM ammonium chloride (Wako, Osaka, Japan), 1
0 mM potassium hydroxide (Wako), 82 µM EDTA-4 Na (DOJINDO Molecular Technol
ogies, Kumamoto, Japan) in water) 6ưɍ&M/Ƙ 376 5ð͗U]t'/
-;Ƙ PBS6ʮˎPȲȵ)L$76̡˱ɠP͟Ē'/ʮˎ<ƼÃ CD31-FITC, CD
73-PE, CD90-PEcy5, CD45-APC (BD Pharmingen, CA, U.S.A.)6 430ð͗ǿˣ&
M-;Ƙ PBS+2%FBS6͂ơȲȵ (1500rpm, 5ð͗)Ƙ PBS:ưɍ'/ĝʮˎưɍ
Ⱥ:<ưɍȺ7ʙ͏; flow-count beads (Beckman coulter)PĀdUtm
Galios (Beckman coulter)6ɃśP˲2/C/Ƀśsm;̂Ǻ<ltVWS K
aluza (Beckman coulter)6˲2/CD90+, CD73+, CD31-, CD45- ʵŧʮˎǙ;̄Ƀ
<·;ƍ:5̄ʝ'/ 
CD90+, CD73+, CD31-, CD45-ʵŧʮˎǙΖflow-count beadsɎƉΊbeads/µl΋ΊCD90
+, CD73+, CD31-, CD45- ʮˎ eventǙ΋/ Ίflow-count beads eventǙ΋ 
 
3.3 ʮˎŅȞˏ;̋Ë  
 ʮˎŅȞˏ;̋ËP˲/FľͿȺâ2/ T25-Flask(SUMILON):ʮˎPǑʑ'
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ʪ 90ΉcXhC6ʮˎŅ/ȟͣ6r-TE/s-TI(CSTI)PĀʮˎPİĘ'/
T25-FlaskP PBS6åȲ'/ƘʮˎǙP˱ɠ̄ʝɺ6̄Ƀ'/ʮˎ< 1000rpm, 5
ð͗͂ơ&MľͿȾPƊȉ'/Ƙś͏;ʮˎPǝ/9 T25-Flask:Ǒʑ'/
$MP΍ʶ¶7'5~10ʶ¶ľͿPʷ"/ 
 ȏ9ŅȞıŖ:ILAT-MSCs@;ŅȞÍ̼ăǼ;ȋ̊:< Cell counting kit (Nac
alaitesque, KYOTO, Japan)PÇɥ'/æÃɷ:<3.5×103cells/50µl; AT-MSCsP
96well micro plate (SUMILON):Ǒʑ'/&J:ĝŅȞıŖĕ> 1%FBSPģǯ)L
MEMPĝ well: 50µl43Ā total 100µl7'CO2U]mè6ΐǡ͗
ľͿ'/ŅȞˏɃśù:cell counting kit assay reagentP 10µl43 well:Ā CO2
U]mè6Ώǥ͗ľͿ'/ľͿƘĝ well; 450nm;ĤßƉΊR
h; 570nm΋Ps 680U_tnΊBio-Rad, Hercules, CA, USA΋
6Ƀś'/ƛJM/ĤßƉJŅȞıŖPģC9Ǹ¹;ĤßƉP 17'ĝǸ¹
;ŅȞƦˏPȢ̬'/ 
 
3.4. ´ʰʾɧǹƅʮˎ;ǉę7ŅȞ̋Ë  
 ΃΄Ⱥĕ>ʁȚ<UYucjt:IKğƭPƛ/ƨ˅Jǉę'/΃
΄Ⱥ< PBS6ΎÑ:ž͌'/ƘȢ͍Ⱥ77G:Ȣ͍͂ơΊ2400İ̫, 20ð͗΋'/
͂ơƘČȄɠŴPİĘ'˱ ȾģǯľͿȺC/<ɔ˱ȾľͿȺPģEhc:Ǒʑ'
375%CO2ɢń6ľͿ'/3ǡƘȶ̾ʮˎP͟Ē'ǝΆľͿȺPĀ/&J:
ľͿPʷ" 80-90%cXh:̀'/ȟͣ6ǝ/9hc:ʶ¶'/ 
 Ț΄ĕ>Țȅƅʮˎ<ǉę'/ʁȚJȚ΄ĕ>Țȅ˙Pǉę'{d6ʮǜƘ
0.1%cbvkĕ> 2%FBSPģE PBS¦6 37΍ǥ͗U]t'/-
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;Ƙ 2%FBSPģE PBS6ʮˎPȲȵ'/΃΄ĕ>Ț΄ƅʮˎ<ĝľͿȺ6 1ʶ¶ľ
ͿƘ;ʮˎPȚȅ˙ɧǹƅʮˎ<˱ȾģǯľͿȺ6 2ʶ¶ľͿƘ;ʮˎPŅȞ̌΂:
Çɥ'/śǙ;ʮˎP SCMC/< SFMPģE T-25hc:Ǒʑ' 3ǡȠ:ľ
ͿȺPǝΆľͿȺ:¯Ǎ'/ʮˎ< 90%cXh:92/ȟͣ6 r-TE/s-TI6
ʮˎPİĘ' 4ʶ¶·ľͿPʷ"/ʮˎǙ<ĝʶ¶ǥ:˱ɠ̄ʝɺPÇ̄Ƀ'/
ɔ˱ȾľͿ:Çɥ'/hc<Ty_o6crT`'/hcPÇ
ɥ'/ 
 
3.5. ˵ͯƼđ̂Ǻ  
 ľͿʮˎP r-TE/s-TI(CSTI):IKľͿšįJúͫ'PBS(CSTI)6Ȳȵ'/-;
Ƙ ĝƼÃ(ƼÃ-CD13 (1:200), -CD14 (1:200), -CD31 (1:40), -CD34 (1:200), -CD45 (1:
200), -CD73 (1:200), -CD90 (1:40), -CD105 (1:200), -CD166 (1:40), -HLA-DR (1:200) 
ƼÃ (BD Pharmingen)PģE PBS+2%FBS¦6 4ɢń 30ð͗U]t'-
;Ƙ PBS+2%FBS6Ȳȵ'/ʮˎ< 400µl; PBS+2%FBS6ưɍ&M˵ͯƼđ;ɵɟ
<dUtmGalios (Beckman coulter, Fullerton, CA):IKðǺ&M/
Ƀśsm;̂Ǻ<̂Ǻlt Kaluza (Beckman coulter)6˲2/ 
 
3.6. ŊðĆˏ;̋Ë  
 ľͿʮˎ< 4-well IVF plate (BD Falcon):Ǒʑ'ŅȞɥľͿȺ6ľͿ&M/ʮ
ˎcXh:̀'/ƘŅȞɥľͿȺPęK͟ PBS6ȲȵƘːˉðĆɥ
ľͿȺΊ(IMDM (Invitrogen) +10% FBS (Hyclone), 0.5 mM 3-isobutyl 1-methylxantine  
(Sigma-Aldrich), 10 µg/mL insulin (Wako), 0.1 mM Dexamethasone  (Sigma-Aldrich), 2
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00 µM Indomethasine  (Sigma-Aldrich))Ĕ<΃ˤʮˎðĆɥľͿȺΊIMDM +1%BFS, 1
0 mM β-glycerol (Sigma-Aldrich), 200 µM ascorbic acid (Sigma-Aldrich), 0.1 mM dexa
methasone (Sigma-Aldrich), 20 ng/ml EGF (PeproTech, USA)PĀ/ðĆľͿȺ< 3, 
4ǡȠ:ǝΆ9ĝðĆɥľͿȺ:¯Ǎ' 30ǡ͗ľͿ'/30ǡƘːˉʮˎ@;ðĆ
ĕ>΃ˤʮˎ@;ðĆ<ZUpu O(Muto Pure Chemicals, Tokyo, Japan) ĕ>
Sepu SΊKodak, Tokyo, Japan΋6-M.Mǿˣ)L$7:IK̋Ë'/
&J:ðĆƑƉ;ś͏P˲/F$MJǿˣȺ6ǿˣ'/ʮˎ:ŧ'5ːˉʮˎðĆ
Ǹ¹@<Ul}z+2%IGEPAL(Sigma-Aldrich)ɇȺP΃ˤʮˎðĆǸ¹@<
__ȺΊKantokagaku, Tokyo, Japan΋PĀðßßƉ̄6-M.M 4
92nmĕ> 480nm;ĤßƉPɃś'/ 
 ̪΃ʮˎ@;ðĆ<̪΃ðĆɥľͿȺ(IMDM +1% FBS, 1% ITS-premix (BD Bios
cience), 4 mM proline  (Sigma-Aldrich), 50 µg/mL Ascorbic acid, 0.1 mM dexamethaso
ne, 1 mM sodium pyruvate ((Sigma-Aldrich)), 10 ng/mL TGF-β3 (PeproTech, USA), 20
 ng/mL BMP-6 (PeproTech, USA)), 20 ng/mL BMP-6 (PeproTech, USA):ưɍ'/ľ
ͿʮˎP low-cell adhesion 96 well plate (SUMILON)@ 2.5×105 cells/200µl/well;Ǹ¹
6Ǒʑ'/̪΃ðĆɥľͿȺ< 3-4ǡȠ:ǝΆ9̪΃ðĆɥľͿȺ:¯Ǎ'/30
ǡƘhWUuPİĘ' PBS(CSTI)6ȲȵƘ 4% }Ss~uɇȺ (Naca
laitesque, KYOTO, Japan)6ĵś'/-;ƘhWUuP 10%, 20%, 30% h_
hɇȺΊNacalaitesque΋:ĝ 1ǥ͗ȸɊ'/ƘO.C.T compounds(Sakura Finetek US
A, Inc., CA):íʲŨļ'/íʲp_P 7mmĐ6˫ñ'tUg6ǿ
ˣ'/ΊMuto Pure Chemicals΋ 
 
  22 
3.7. ȄĻ̂Ǻ  
 ǝ/:͖ɵ'/ɔ˱ȾľͿȺ6 10ʶ¶ľͿ'/AT-MSCsP 10cm2dish:Ǒʑ'80%
cXh:̀'/ȟͣ6 Karyo-Max(Invitrogen)PĀCO2U]mè
66ǥ͗U]t'/-;Ƙr-TE/s-TI(CSTI)6ʮˎPúͫ'͂ȩʞ:İĘ
'/ʮˎâ2/͂ȩʞ< LSI Medience Corporation (Tokyo, Japan, http://www.medi
ence.co.jp):̴JMȄĻ̂Ǻ˲OM/ 
 
3.8. SA-β-galactosidaseȳƦ;̋Ë  
 SA-β-galactosidaseȳƦ;ɃśP˲/F 2.5×104 Ð; AT-MSCsP 96well microplate
ΊSUMILON΋:Ǒʑ'CO2U]mè6ǦU]t'/-;Ƙ
ľͿȾPęK͟ PBS6ʮˎPȲȵƘ50µl; PBS7 50µl; Beta-Glo assay system
ΊPromega, Madison, WI΋Pĝ well:Āŝɂǩƴ6U]t'/30ðƘ
Ⱦ;ɵßƑƉPzmΊTD-20/20, TURNER DESIGN΋6Ƀś'/ 
 
3.9. CFU-F assay 
 ͗˧ʨƅʮˎ<˞Ż˼˻ˏPǯ'Čʮˎð˸PʿḴ)$76cwPƓƱ)
L$;cwƓƱˏP̋Ë)L/F Digirolamo et al.(1997);ǞȭP͇Ǖň' CF
U-F assayP˲2/æÃɷ:<SCMC/< SFM6 4ʶ¶ľͿ'/ AT-MSCs 100
ÐP 10cm dish(SUMILON):Ǒʑ' 8mL; SCMPĀ 14ǡ͗CO2U]m
è6ľͿ'/ľͿȺ< 3ǡȠ:ǝΆľͿȺ:¯Ǎ'/14ǡƘľͿȾPƊȉ
'ʮˎµʀ'/ dishP PBS6ΏİȲȵ'/-;Ƙ mz:ɇ̂'/ 5mL 
; 0.5%_hm|UZpt(Sigma-aldrich)ɇȺP dish:Ā10ð͗ŝɂ:ǖˀ'
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ʮˎPǿˣ'/ǿˣƘ_hm|UZptɇȺP͟Ē'ŋ͏;ȥ6 dishP
Ȳȵ'/ͼƟ͓_hm|UZpt:ǿC2/ʮˎǙP̄Ƀ'ʮˎǙ 50
Ð·ͩC25LG;Pcw7'5ƓƱ&M/cw;ǙP̄Ƀ'/&J
:$; dishPsgm[:5ǒƔ'/ 
 
3.10. ͅ½Ŗɵɟ̂Ǻ  
 ͅ½Ŗɵɟ̂ǺP˲/FľͿʮˎJ RNA;ǂï< RNeasy kit (Qiagen, Valenci
a, CA)PRNAJ cDNA;ĞƱ< ReverTra Ace (TOYOBO, Osaka, Japan)PcD
NAJɻɷͅ½Ŗ;ŅƁ< RT-polymerase chainreaction kit (TOYOBO)PÇɥ'ę
ƶ̑ǣǫ:ƚ˲2/cDNAJɻɷͅ½Ŗ;ŅƁP˲/FėƣɇȺ¦: cDNA,
 primer (forward&reverce), TAQPĀ Gene Amp PCR system 9100 (Applied Bio Syst
ems, Foster City, CA)PÇɥ'ňƦ(95oC, 30ʎ) and ¿Ɛ (55-65oC, 30ʎ) 6 24-40d
U_ėƣP˲2/C/ś͏ɷ RT-PCR< THUNDERBIRD SYBER qPCR MixΊTO
YOBO΋PÇęKƶ̑ǣǫ:ƚ 7500 Fast Real time PCR system(ABI)6Ƀśĕ
>̂ǺP˲2/Ŝ΂:Çɥ'/U͈ò<˵Ύ:ʈ'/ 
  
3.11. ELISA assay 
 BMP2ĕ> CCL2, CCL5; ELISA assay<Ž̜; ELISA]pt(DuoSet ELISA Deve
lopment Kit, R&D systems, Mineapolis, MN, USA) PÇęKƶ̑ǣǫ:ƚ˲2
/ĤßƉ< Model 680 U_tn(Bio-Rad, Hercules, CA, USA)6Ƀ
ś'/ 
 Ƀś:Çɥ)LľͿȾPİĘ)L/FAT-MSCsP dish:śɎƉǑʑ'/ (B
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MP2: 3.3×105cells/mLCCL2, CCL5: 1×105cells/mL) CO2U]mè6 48ǥ
͗ľͿƘľͿȾPİĘ'/C/«Öȋ̅;ʲǼBMP2ĕ> CCL5PľͿȾ
¦6ȋï6 92//FʮˎP 10ng/mL; TNF-αPĀ/ĝľͿȺ¦6 48ǥ͗÷
Ɍ'-;ľͿȾ¦; BMP2ĕ> CCL5;ȋïPO+5˲2/ 
 
3.12. àɯƺöȳƦ;̋Ë  
 àɯƺöȳƦ;̋Ë<Zafranskaya et al. (2013):I25ŀĥ&M/ǞȭP͇Ǖň
'˲2/æÃɷ:< RPMI-16406 1×107cells/mL :ưɍ'/Õƀ°~tǳȈ˱ČȄɠ
ΊhPBMC΋:˯ßˣʫ CFSEP 10nMĀ376 5ð͗U]t)L$76
hPBMCP CFSE(DOJINDO)6ǿˣ'/-;ƘCFSEǿˣʮˎP PBS6ΏİȲȵ'ʮ
ˎŉ; CFSEP͟Ē'/CFSE6ǿˣ'/ hPBMCΕ5105cells/100µl7 AT-MSCsΕ1
105cells/100µlPRPMI1640 +10%FBS +50IU/mLUmU] 2(IL-2), 10mg/m
L Phytohaemagglutinin(PHA)PģEľͿȺ¦:ǑʑƘ375%CO2ɢń6åľͿ'
/ľͿȺ<ΏǡȠ:ǝΆľͿȺ:¯Ǎ'/ľͿΐǡɻ:ʮˎPİĘ'CD3-ECD(1:
80, IO-TEST), CD45-PC5(1:80, IOTEST)PĀ 30ð͗4ǩƴ6ʮˎPǿˣ'/
CD3+CD45+fP hPBMCf7'hPBMC¦; CFSE˯
ßƑƉ;ňĆPdUtmGalios6Ƀś'/C/̂Ǻ<ltVWS Kal
uza6˲2/9grTct7'5CFSEͮǿˣ hPBMC;DľͿ'
/Ǹ¹ΊͮåľͿ΋y\rTct7'5PHAPģC9ľͿȺ¦6 CFS
Eǿˣ hPBMCPľͿ'/Ǹ¹P̈ś'/ 
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3.13. ŋ˘΃΃ƽsVh;ÅƱ  
 ã5;ĄɘŜ΂<ʛȯŋŘĄɘŜ΂ęKƶ˿ś:ƚ˲2/C/ŋ˘΃΃ƽ
sVh;ÅƱ<Ǡ:̔Ǜŀĥ&M5LǞȭP͇Ǖň'˲2/(Taguchi et al., 2
005)æÃɷ:< 8-12̻Έ; C57/BL6Vh:·͉P"Ĝ̥ŋ˘͇Pñ͖'/Ƙ
ŋ˘΃¦ō͇P{d6ñǜ'/ñǜ'/ŋ˘΃<ͤ˕: 27G;ȰŪ͑P÷'ñǜ
˵ 2 U͈ò 
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͇: 2mmʐƉ;ͦ͗6 LI:ŋ˘΃PêƉ39#/5×105cells; AT-MSCs<
2mm2mm; Gelform(Pfizer, USA)77G: 375%CO2ɢń6 10ð͗U]
t'ŋ˘΃ñǜ͇:ʏȊ'/9y\rTct7'5 AT-MSCs;
¶OK: PBSPĀ/kYPʏȊ'/ʏȊƘàɯƺö;/FdU_h
 A(wako)P 20mg/kg(Ã͍)P 4ǡȠ˗˕èƻ¡'/ 
 
  
3.14. ʰʾ;śƦĕ>ś͏̂Ǻ  
 AT-MSCsʏȊ:IL΃ƽ͇À;ÏƝăǼP̂Ǻ)L/FXʻǒƔĕ>ʰʾǿˣP
˲2/æÃɷ:<ʮˎʏȊƘ 20, 30, 40ǡƘVh:·͉Pƻ¡'/ƘXʻǒƔ
P˲2/-;ƘVh;Ĝ̥Pñǜ'ʚˆʰʾP͟Ē)L$76ŋ˘΃PİĘ'/
ŋ˘΃< 4%}Ss~uΊNacalaitesque΋6ì˪ɢńΒǡ͗Îŗ'ʰʾ
Pĵś'/-;Ƙŋ˘΃P PBS6Ȳȵ'__ȺΊMuto chemical΋¦
6ŝɂɢń 24ǥ͗ˀ!$76ŋ˘΃P˒ɏ'&J: 99.5%Xmz:ȸɊ'/
}Tp_ÅƱ<ʛȯŋŘĈŘʨƸ˳ŝΊʰʾȑǴÅƱŝ΋:Êͺ'˲2/
}Tp_<Ɉ̢ƍ_tΊLeica SM2010R΋6 7µm:˫ñ'/ñ
ɖ<]fĕ>Xmz:ȸ)$76}TP͟Ē'ȥȲ'/-;Ƙñɖ
P·;Źʐ6ǿˣ'/Εt]f:ȸɊΊ5ð΋ȥȲ(5ð)5XZf
pu:ȸɊ(30ʎ)ȥȲΊΐð΋ǿˣƘñɖPXmzĕ>]f:ȸɊ'
z6ñɖP\hhUu:Ũâ'/ 
 ǞS[hRmkǿˣP˲/Fǲ˒ɏŋ˘΃ñɖ;ÅƱ< Hosoya et 
al. (2005);ǞȭP͇Ǖň'˲2/æÃɷ:<İĘ'/ŋ˘΃P 10%
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: 24ǥ͗ȸɊƘ10%, 20%, 30%h_h:ĝ 1ǥ͗ȸɊ'/ŋ˘΃< 4%[
]fojh6íʲŨļ&M/ÅƱ'/íʲp_P_Zhmpt
ΊLeica΋:jpt'ͯï'Ƙ_UZT6[|'˫ñ'/íʲT
ñɖ< 99.5%Xmz: 3 ð͗4%}Ss~u:ΐð͗ȸɊƘȥȲ'
ALP/TRAP ǿˣ]ptPÇęKƶ̑ǣǫ:ƚ 15 ð͗S[hRmk
ΊALP΋;ǿˣP˲2/-;Ƙ IX70 (Nikon, Tokyo, Japan) ĕ> BZ-X700 (Keyenc
e, Tokyo, Japan)6ñɖ;ǒƔP˲2/ 
 ʮˎʏȊ:ILŋ˘΃;ÏƝʐƉPś͏ɷ:̂Ǻ)L/FCTĕ>΃ƑƉ̌΂˹
ˀ6΃ŤƉĕ>΃ƑƉ;̂ǺP˲2/VhJİĘ'/ŋ˘΃< 4%}S
s~u¦6Ǧì˪Îŗ'/ƘɃśC6-30eè6Îŗ'/΃ŤƉ;
Ƀś<ŋ˘΃PĄɘɥCT Aloka Latheta LCT-100 system (Hitachi, Tokyo, Japan):
jpt' 0.25mm͗ͥ6 30ǻ;΃ǜͯëɿPǒƔ'-;ǒƔɪÚJ΃ŤƉPʝï
'/΃; 3DUgÅƱ<̂Ǻlt OsiriX6˲2/ 
 Ǟ΃ƑƉ̌΂<ŋ˘΃P΃ƑƉ̌΂ȔΊBone Strength Tester model TK-252
C, Muromachi Kikai, Tokyo, Japan΋:jpt'ΏɒƽKǪ#̌΂:IK΃ñǜC
6:ĀJM/þ7̦ͫJstiffnessH failure load (N)Pʝï'/ 
  
3.15. Quantum dots:ILʮˎ̧̳̋Ë  
  ʏȊʮˎ;ɣÃè6;ĄƯP̧̳)L/F·ùŀĥ&M/ǞȭP͇Ǖň'˯ß͏
Ŗi Qdots(QD655)Pɥ/Ug`̂ǺP˲2/ΊOhyabu, Y et al., 2007, P
ietilä et al., 2013, Yoshioka et al., 2011΋$;Ǟȭ<ƼmƼÃP conjugate'
/ QD655P AT-MSCs:ęK̯C+-;ʮˎPVh;ŋ˘΃ȕǐ͇:ʏȊ'ĄƯP
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̂Ǻ)LǞȭ6L±İē˄:'/̇Ǜɝ:5mP conjugateĆ'/
QD655Pʮˎ:ęK̯C+L¬:IKQD655<ʮˎ̠è:͔Ǳ͗Îǅ&ML$7
ʆ̎&M5L 
 ǴŜ΂6Çɥ'/ƼmƼÃ<Ίɜ΋ɤȌƸ˳ʺĞʄʔƴʮˎŅȞöƜwp
t`͔;xnÞɣJƜǌÉ/0/C/ƼmƼÃ7 QD
6557; conjugation<Ž̜; antibody conjugation kit(Q2203MP, Invitrogen Lifetechno
logies)PÇɥ'ęKƶ̑ǣǫ:ƚ˲2/ 
 ƼmƼÃP conjugation'/ QD655 (i-QD)P AT-MSCs@ęK̯C+L/F
AT-MSCsPľͿ'5LľͿȺ¦: i-QDPĀ 375%CO2ɢń48ǥ͗ľͿ'
/-;ƘʮˎPİĘ' PBS6ΏİȲȵƘ˯ßͼƟ͓ IX70 (Nikon)6 i-QD AT-M
SCs;ʮˎè:ęK̯CM5L¬Pʆ̎'/ƘŜ΂:Çɥ'/ 
 
3.16. ʴ̄îɡ  
 sm<ƃĺÒ±ȑɆÔź6ʈ'/˱ȾľͿʮˎ7ɔ˱ȾľͿʮˎ7;Ȣ̬< Stud
ent’s; Tȋś6ðǺ'/C/Ŋ͍Ȣ̬̂Ǻ<ANOVÂǺƘ Turkey-Kramerrht
:IKĝǸ¹͗;ź;ǯɔP̂Ǻ'/9ʴ̄̂Ǻ<ʴ̄̂Ǻlt GraphPad Pr
ism 5 (GraphPad software, San Diego, CA)PÇɥ'5˲2/C/ʴ̄ɷǯɓź< P<0.
057'ʝï'/ 
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ʘ 4ʖ ʲǼ  
 
4.1. ɔ˱ȾľͿȺ;͖ɵ  
4.1.1. Ǡŗɔ˱ȾľͿ;ĭͻɒǂï  
 ŅƁăɞƦHľͿřśƦ΅ AT-MSCsɥ;ɔ˱ȾľͿʨP͖ɵ)L/FŒF:
Ž̜ɔ˱ȾľͿȺPɥ/Ǡŗ;ɔ˱ȾľͿΊʨ΋ǀLĭͻP̓Ȁ'/ʲǼ
Ž̜ɔ˱ȾľͿȺ<̔ǛȠ:ŅȞƦˏ:ˢĢK řś6L$7ŅȞăɞ˱
ȾľͿ7ğʐƉ6K&J9LġƢ˽6L$7ɔ˱Ⱦó¶ľͿ6<šį@;
Ǌʀ ˢØġKřśľͿěˏ9ʨȎʡ6 59$7ʙĭͻɒ7'5˄
JM/(Gottipamula et al., 2013Patrikoski et al.(2013))ʌ<$MJPǕĮ)L/F
;Ǟȭ7'5·;I:˄/ 
 :35Ž̜ɔ˱ȾľͿȺ;ʰƱ͖ʈ&M59/F-;đı< ǣ6L
ğʑʮˎ6K9JɧǹuvȠ:ŅȞ;ˢ ˢðMľͿ řś6
L$7JÄJ;ıŖ ̥'5K-;ıŖ˞Ã<Ž̜ɔ˱ȾľͿȺ:ģCM5
J*ûȖɷėƣ;¦6-;Åɥ˺OM5L7ǋɃ'/ə: ĺ9ʮˎͩĲ6
L7&ML MSCs6<uvȠ:fɮ9KľͿ:Ƣ˽9ıŖľ
ͿȺ¦:ĉð͏?!CM59"M=ľͿ; řśĆ:39LěˏƦGL̷ ƀƢ
˽9ȁͿıŖ;Ŋ!<ĿʇľͿȺJÉʳ&MLʮˎʑHľͿȭ:ĞO+/ȏ9
ʰƱ;G;L$7JAT-MSCs:ĞO+/ǭ̓9ĿʇľͿȺ̈́śƢ˽6L
Ǟ6 FBSJÉʳ&MLŅȞıŖ<ŅȞ÷Ɍ;D9J*͇;¶̕Í̼ǊʀÍ̼
ʙʮˎȔˏPŊŶ:öƜ)L$7Jǭ̓9ŅȞıŖ;̈́ś;D9J*;̂Ȩ
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:39LěˏƦ<΅Ā5ŅȞıŖ;Î̗H˃Ɗɘ͟Ē:Ù!S͊ ʫ
ȳƦPʸǅ)L/F;Ɵ͏͐ųʮˎ˙ĞƱÍ̼;/F;ː̠ʙGFBSJÉʳ&M
ȕ)$7;6 9ıŖ6KûȖɷ9ǯăƦG˄Ƣ˽9ıŖPƆ!̈́ś)LƢ
˽LǞ:35<cbHwTy_oʙ;ʮˎŉ
t_hPģC9ɔ˱ȾľͿȺPɥʮˎPľͿ)LŁĞšį@;ʮˎŉt
_h;crT`ƢͶ6L̷ ƀʮˎ˵ͯ:ɵɟ)LǊʀðŖʮˎŉt
_h˵ͯ;ʲĞͷĽ:ʲĞ)L$76ʮˎ;ǊʀʏĄŅȞPěˏ7)L$;
ʲĞͷĽ;Ȏ̹<t_hȠ:ɮ9L/FľͿʮˎ:̓'/t_ḧ́ś͍˽
79L ĺ9ͩĲ6L7̃OML MSCs;ó¶ľͿ:5Čt_h6
<ã5;ʮˎ;ǊʀHŅȞPdt6 *˼Ǚ;ʮˎŉt_h:ILɮ9Lm
U;ʲĞͷĽ;ǌʈƢ˽G'M9Ǟ6ŅȞıŖ<Ur`;ɵɟ
7ʲĞͷĽ;̖̎PňĆ)LŀĥGL$7J͖ ɵ'/ɔ˱ȾľͿȺ:ĞO+ǭ
̓9ǊʀıŖP̈́ƿ)L$7ó¶ľͿ6;Ǌʀ ˢǕĮ:39L7˄/Ǡŗ
ŀĥJ;$MJ˄ŦPG7:ɔ˱ȾľͿʨ;Ȅ79Lɔ˱ȾľͿȺΊʨ΋;͖ɵP
̼F/ 
 
4.1.2. ĿʇľͿȺ;̈́ś  
 ɔ˱ȾľͿȺ͖ɵ;/FŒF:-;ĿǴʰƱ79LĿʇľͿȺ;̈́śP˲2/6
0¹;MSCs̺͘;ʄʔ̔Ǜ6MSCs;ľͿ:Çɥ&M5LĿʇľͿȺ;Çɥ͹ƉP
̓Ȁ'/ʲǼDulbecco’s Modified Eagle’s Medium(DMEM), αMEMPÇɥ'/̔Ǜ
ĞO+5 54¹7ŋĊPčFIMDMĕ> DMEM/F12ĝ 3¹02/ĝľͿȺ;əƠ
7'5 DMEM<Ȣ̬ɷ΅ɎƉ;Sz͋PģDMEM<Ȅ͋̙ť:ģCML
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C/IMDM<Ŋ͏; HEPESģCMʼ˴ˏƑĆ&M5L$7JŅȞƦ;Ǣ
ʮˎH΅ŤƉľͿ:̓'5LǞ DMEM/F12< DMEM7 Ham’s F-12ľͿȺ;΍Ε
΍ȼĞɘ6Kʮˎ;ɣŗŅȞ:Ƣ˽9ȁͿıŖPƆʠĳ:ģQ6L¬Jɔ˱Ⱦ
ľͿȺ;ĿʇľͿȺ7'5I!Çɥ&M5Lə:ǭ̰6< ESʮˎH iPSʮˎɥɔ
˱ȾľͿ:ȧɥ&M5LDMEM:ģCMLƱð< DMEM/F126[|6 L$7
JĿʇľͿȺ̈́ś< DMEM/F12, αMEM, IMDM;Ώʑͽ;ĿʇľͿȺ:Ā̇
3ʑ;ľͿȺ7<ɮ9KƟ͏͐ųıŖ̙ť:ģCMLRITC807; 4ʑͽ;ĿʇľͿȺ
:35ŅȞƦˏ;̋ËP˲2/(˵ 3)9ǴŜ΂6<ˡɷ9˱ȾɎƉΊ10%΋:
ĀÁ˱ȾɎƉΊ1%΋Ǹ¹6;̋ËG˲2/ĿʇľͿȺPȢ̬'/ʲǼPĴ 2:
ʈ'/΍ΉÁ˱ȾǸ¹6<ĿʇľͿȺ;ʑͽ:͘OJ*ʮˎ;ŅȞ<B7Q8̎J
M92/Ǟ10%˱ȾǸ¹6;ŅȞ<MEM DMEM/F12ĕ> RITC807:
ȢAǯƭ:΅2/Ǟ IMDM, DMEM/F12, RITC807;Ώ˅͗6ǯƭź<˾JM9
2/&J:$MJĿʇľͿȺ6ŅƁ'/ AT-MSCs;ːˉʮˎĕ>΃ˤʮˎ@;ð
ĆˏP̋Ë'/ʲǼ΃ˤʮˎ@;ðĆ6< IMDMːˉʮˎ@;ðĆ6< RIT8
07´;Ǹ¹:ȢAÁØġPʈ'/ΊĴ 2B, C΋91%˱ȾǸ¹6< AT-MSCs
;ŅȞB7Q8̎FJM*ðĆˏ̋Ë:Ƣ˽9ʮˎǙPʆÎïǹ92//FðĆ
ˏ;̋Ë<˲O92/·;ʲǼJǭG΅ŅȞØġ7řś'/ðĆˏPʈ'
/MEMPĿʇľͿȺ7'5̈́ś)L$77'/ 
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4.1.3. ŅȞıŖ;̈́ś  
 ăɞɷ9ʮˎ;ŅƁ;/F:<ʮˎĦǱPĄ'ʮˎð˸PÍ)Ƣ˽LGm
}_;ȴ:LMAP]vkʱ̨P²'/f`v½̀<ʮˎèƪŀ½̀ʱ̨;
36ʮˎð˸:ŋ !Åɥ)L$7ʁJM5L$;f`v½̀<Lʑ;
ʮˎŅȞıŖʮˎ˵ͯ;ĚšÃʲĞ)L$7JŒCLǴŜ΂6< MSCs;ŅȞP
Í̼)LıŖ;̈́śP˲2/ŒF:MSCs:ŧ'5ŅȞÍ̼ăǼŀĥ&M5L
ŅȞıŖ:35-;ĚšÃɵɟ;ǯɔP RT-PCRȭ6ʆ̎'/ʲǼAT-MSCs
< NGFRP͟ ǴŜ΂6ʆ̎
'/ã5;ĚšÃPɵɟ'5
/ΊĴ 3΋Ȗ:ĚšÃɵɟ
̎FJM/ıŖ;ŅȞÍ̼ă
ǼPWST-8 assay:IK̋Ë'
/$;ʲǼbFGF, PDGFAA, PDGFBB, TGFβ, EGF< AT-MSCs;ŅȞPÍ̼'
ə: TGFβ<ÁɎƉĽ(1ng/mL~)JPDGFAA<΅ɎƉĽ(40ng/mL~)J΅ŅȞÍ
̼ăǼPʈ)$7ǣJ792/ΊĴ 4A΋Ǟ6 TGFȽĀǸ¹6<ʮˎ;ƓƯ
ˈŋĆ'MSCs;əƠ6LʻʸˤʮˎȏƓƯPʸǅ'59$7ʆ̎&M/ΊĴ
4B΋ 
 Ȗ:΅ŅȞPʈ'/ bFGFPDGFAAPDGFBBTGFβEGF; 5ʑͽ:35-
M.M;ıŖPʰDĞO+/ŁĞ;ŅȞÍ̼ăǼ:35̌΂'/ĝıŖ;ɎƉP 1
0ng/mL:ĵś' 2~4ıŖã5;ʰDĞO+Ǹ¹P̈ś'/Ί˵ 4΋$;ʲǼNo.9, 
No.12, No.14, No.18, No.20, N0.23;Ǹ¹ə:΅ŅȞPʈ'/ΊĴ 5A΋C/$M
J;Ǹ¹6ľͿ'/ʮˎ;ƓƯ<ã5ʻʸˤʮˎȏ;ƓƯPʈ'/(Ĵ 5B)ǞČɜ
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6΅ŅȞÍ̼ăǼPʈ'/ PDGFAA<´ıŖ7;ʰDĞO+6<&J9LŅȞÍ̼
ăǼ˾JM92/ 
  
 &J:͔Ǳ:O/Křś'5 AT-MSCs;΅ŅȞPʸǅ)L$7ěˏ9ǭG̓
'/ʰDĞO+P̈́ƿ)L/F΅ ŅȞÍ̼ăǼ˾JM/ No.9, No.12, No.14, No.
18, No.20, N0.23;Ǹ¹:35ľͿhaP#(96 well plate  12 well plate)
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ʶ¶ľͿ6;ŅȞȢ̬P˲2/ʲǼNo.20; bFGF-TGFβ-PDGFBB;ʰDĞO+
͔Ǳɷ:΅ŅȞPʸǅ'/(Ĵ 6A)Ǟ-;´;Ǹ¹6<ʮˎ;ˈŋĆHŅȞ;
͒Ć$K͔Ǳɷ:΅ŅȞPʸǅ6 92/(Ĵ 6A,B)$;ʲǼJɔ˱ȾľͿ
Ⱥ:Çɥ)LŅȞıŖ< bFGF-TGFβ-PDGFBB7)L$77'/ 
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4.1.4. ɔ˱ȾľͿȺ:ILŅȞƦˏ̋Ë  
 $MC6;ȋ̅6̈́ś'/MEMbFGFPDGFBBTGFPʰDĞO+/ɔ˱Ⱦľ
ͿȺ(SFM(Prototype));ƦˏP̋Ë)L/F˱ȾģǯľͿȺΊSCM΋7;Ȣ̬P˲2/
C/$;Ŝ΂:5Ίȃ΋ʮˎʍŘʄʔƴǯ)Lɔ˱ȾľͿȺ͖ɵzV{VPG7
:!3;ıŖPĀ/ǕňMEMPÇ2/ɔ˱ȾľͿȺ SFM(modified):35
GĞO+5-;ƦˏP̋Ë'/9ǴŜ΂6<ɔ˱ȾľͿ:Çɥ)LšįP Fibro
nectin6crT`'/ʲǼMEM:ŅȞıŖPĀ/ SFM< 1ʶ¶ɻC6 S
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CM:ȢA΅ŅȞPʈ'/-;ƘŅȞ͒Ć'͔ǱľͿïǹ92/Ǟ
MEM;ʰƱPǕň'/ SFM(modified)<ʪ 14ǡ͗3ʶ¶· AT-MSCsPľͿŅȞ
&+L$76 -;ŅȞ̸Ɖ< SCM:ȢA΅2/(Ĵ 7)$;ʲǼJǕň
MEMPĿʇľͿȺ
7'/ɔ˱ȾľͿȺ<
͔Ǳɷ: AT-MSCsP
ăɞI!ŅƁ6 Lľ
ͿȺ6L$7ʈĬ
&M/ə:$;ʲǼ
<ɔ˱Ⱦɢń͔
Ǳ͗΅ŅȞPʸǅ)
L/F:<ŅȞıŖ
;D9J*Ŀʇɷ9ȁͿıŖ;̳ĀƢ˽6L$7Pʈ)G;6LǞ6Ǵ
Ŝ΂6Çɥ'/ AT-MSCs<5ʶ¶·˱ȾPģEľͿȺ¦6ľͿ&M/ʮˎPÇɥ
'/SCMJ SFM@;ñKǬ< SCMJ;ȏ9ıŖ;ǅ1̯DPĢś6 *
SFM;ǯăƦPȋ̊)L/F:<&J:ó¶ľͿʮˎ6;̋ËƢ˽6L·͜;
Ŝ΂IKSFM(modified)PÇɥ'ɔ˱ȾľͿʨ;͖ɵP̼FL¬7'/ 
  
4.1.5. crT`t_h;̈́ś  
  ̷ƀ˱ȾľͿ:5 FBS<ȏ9t_hPģD-MJšį@;ʮˎ;Ǌ
ʀʏĄŅȞPĂ"LǴɔ˱ȾľͿȺ<˱Ⱦ:ģCMLǊʀıŖPģQ6J*
ľͿšįPô̶crT`)LƢ˽LC/ 4.1.1.6G̲A/I:ɟĸŀĥ
	7"
 +
 -"
20
 *5
 &'2"SCM(αMEM(+10%FBS(+10ng/mL(
bFGF)/SFM(αMEM(+bFGF(+TGFβ(+PDGFBB)"!SFM(modiﬁed)(αMEM

 (+bFGF(+TGFβ(+PDGFBB)-)-,$%1,14
 2
('#453.2&'#
1.0.E+04'
1.0.E+05'
1.0.E+06'
1.0.E+07'
0' 5' 10' 15'
Ce
ll'
nu
m
be
r'(
ce
lls
)
Culture'days
SCM'
SFM(Prototype)'
SFM(modiﬁed)'
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&M5L AT-MSCsɥɔ˱ȾľͿʨ;ĭͻɒ;3:ó¶ľͿ6;ʮˎ;Ǌʀ ˢ
K$MPǕĮ)LƵȟ7'5<ǭ̓9ʮˎŉt_h;̈́śL͖ ɵ'/ɔ
˱ȾľͿȺ:̓'/crT`t_h;̈́śP˲/FŒF: 4.1.4.͵;̌΂
:Çɥ'/Ty_oΊVfɧǹ΋7ɔ˱ȾľͿɥcrT`t_h CE
LLStartΊInvitrogen΋7PȢ̬'/$;ʲǼTy_o< CELLStart:ȢAǯ
ƭ:΅ŅȞPʈ'/(Ĵ 8A)&J:Ǹ¹:~tɧǹTy_oĕ>w
PĀ˼Ǚİʶ¶)L$76͔Ǳɷ9ŅȞ̋ËP˲2/w<´ ;Ǹ¹:Ȣ
Aʮˎ;ǊʀƏ!Ŋ!;ȶ̾ʮˎ̎FJM/(Ĵ 8D) 
ǞTy_o<~tĕ>Vf7G:ğȏ;Ǌʀĕ>ŅȞPʈ'/C/ɮ9L
Ur`dmUJ;÷ɌŅȞPÍ̼)LěˏƦP˄Ty_o
7wP 1:16ȼ,/t_hGĞO+5̋Ë'/Ǌʀ<ˢŐ62/G;
;Ty_oČɜ:ȢAŅȞ̽2/·;ʲǼJ͖ ɵ'/ɔ˱ȾľͿ
Ⱥ:ŧ)LcrT`t_h7'5<Ty_o̓'5L$7ʈ
Ĭ&M/&J: SFM/Ty_o;ʰDĞO+6ó¶ľͿ:5řś'/š
į@;Ǌʀ7ŅȞ˲L$7Pȋ̅)LƢ˽L 
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4.2. ɔ˱ȾľͿʨ;͖ɵ  
4.2.1. ɔ˱ȾðͫŹʐ;̋Ë  
 ˡɷ:ː ˉʰʾHˌɺʰʾʙ;ĵƓʰʾJ; MSCs;ǉę:<cbvkȭ
Çɥ&M5LC/ːˉʰʾHˌɺʰʾɧǹ MSCsPÇɥ'/ɔ˱ȾľͿȺʄʔ;
Ŋ!6<cbvkîɡǥHó¶ľͿǥ: FBSÇɥ&M5LFBS:<ȏ
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9ıŖģCM5K-MJ in vitroJ in vivo@;ʮˎ;΀ĆPĂ"in vitro
ľͿPřśĆ&+L7˄JMFBSP͟!$7<ľͿ; řśʙP̣$)ěˏƦ
˄JM/C/ːˉɧǹ MSCs:5Śãɔ˱ȾľͿʨ:35ʄʔ'/ Patrikos
ki et al.(2013);ŀĥ6<Ž̜ɔ˱ȾľͿȺ/crT`t_hPÇɥ'/ɔ˱
Ⱦó¶ľͿ:5ːˉɧǹ MSCs<šį@;ǊʀƩ!ľͿřś'9$7Pŀ
ĥ'5Křś'/ó¶ľͿ:< FBS;ţ¡ŋ G;6L¬ʈĬ&ML
''ɔ˱ȾľͿʨPȎʡ)L/F:< FBSPÇɥ+*řśɷ: MSCsPðͫŅ
Ɓ6 LʨPȋ̅)LƢ˽L$MC6ː ˉʰʾJ MSCsǉęǸ¹Pȋ̅'/
ŀĥ<9!FBS;ǯɔPģF/cbvkîɡǸ¹;́ʮˎ;İĘăɞHɣŗ
ɞ:8;I9ƔͲP¡L;< ǣ6L 
 ǴŜ΂6<ǝ/:͖ɵ'/ SFMPɥʰʾJ MSCs;ðͫăɞĕ>ó¶ľͿ6
;ŅƁăɞ:35 FBSPÇɥ'/ƚǹȭ7Ȣ̬'/Ĵ 9:<ǴŜ΂h]Pʈ
'/ƨ˅Jǉę'/ːˉʰʾPğ(͍͏:9LIΏʙð'ʮǜƘǸ¹: P
BS +0.1%collagenase, Ǹ¹: PBS +2%FBS +0.1% collagenase, Ǹ¹: ǕňĻME
M +1%HSA +0.1%collagenase6-M.M΍ǥ͗cbvkîɡP˲2/ǴŜ΂6
̈ś'/Ǹ¹<΍ǥ͗;cbvkîɡǥ:"Lʮˎ@;ƩƔͲPǭŭ͝:)
L$7PǱƖ'/G;6L37ɢńU]t&ML$7Jʮˎè¶̕
̼Dʷ"L$7Pƫś'ɇŕ:<ǕňMEMP˃ƊɘH͋Ćhthʙŉɷɢńň
ĆJʮˎPÎ̗)L/FHSAPĀ/͂ ơ'İĘ'/pt< 2%FBSC/< 2%
HSAPģE PBS6 2İȲȵ'İĘ'/pt:ģCML CD31-CD45-CD73+CD90
+;ʮˎǙĕ>ɣʮˎɞPɃś'/dUtm:ILðǺ;ʲǼCD31-
CD45-;ʮˎͩĲΊbt Q΋¦; CD73+CD90+Ίbt V΋Pðͫȋï)L$76
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 bt V;ȋïǙJ Flow-count beadsPÇɥ'ʮˎǙP̄Ƀ'/ΊĴ 10A-C΋
İĘ'/ʮˎ;ɣʮˎɞ<ã5;Ǹ¹6 90%·7ðͫǸ¹;́:ILɣʮˎɞɁ
Ůʙ;ƔͲ<˾JM92/ (Ĵ 10D)C/ːˉ 1gJ<ʪ 2×105 ;ʮˎİĘ6
 ĝðͫǸ¹͗6ź<̎FJM92/(Ĵ 10E)ʮˎPšį@ǑʑƘʮˎ;Ǌʀ
ĕ>ƓƯPʆ̎'/ã5;ȋÃ6řś'/šį@;Ǌʀ˾JM/(Ĵ 10F)C/
ʮˎƓƯ<ľͿ͖ŒƘǙǡ͗§ƓƯPʈ)-;Ƙƙ:ƓƯňĆ'ʻʸˤʮ
ˎȏ;ƓƯPʈ)77G:ʮˎŅ5!$7ʆ̎&M/(Ĵ 11A)&J:ó¶ľ
Ϳ6;ʮˎŅȞɞPȢ̬'/ʲǼǸ¹6İĘ'/ʮˎ;ŅȞɞ<´;Ǹ¹6ðͫ'
/ʮˎ;ŅȞɞ
:ȢAǯƭ:Á
2/(Ĵ 10G-I)
C/Ǹ¹6İ
Ę'/ AT-MSCs
;ŅȞɞ<ȋÃ
Ƞ:ŋ !ɮ9
LG;;Ǹ¹
6İĘ'/ʮˎ;-M7ğʙ·;ŅȞɞPʈ'/ΊĴ 10G-I΋$;Øġ<ó¶ľͿ
6Çɥ)LľͿȺ:͘OJ*ğȏ;Øġ6Kə: SFM6ľͿ)L$76 SCM:Ȣ
A΅ŅȞɞƛJM/·;ʲǼJː ˉʰʾJ MSCs;ðͫ:5ǴŜ΂
6˲2/ɔ˱ȾðͫǸ¹Ί΋<ƚǹȭ7ğȏ;ʮˎİĘăɞPʈ'ó¶ľͿ:
5Gğʙ·;ŅȞƛJMLěˏƦʈĬ&M/FBSPĀ/Ǹ¹Ǹ¹:Ȣ
A΅ó¶ľͿŅƁăɞPʈ'/$7JGcbvkîɡǥ:"Lɇŕɢń;
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ǕĮ<-;Ƙ;ʮˎŅȞăɞ;ġ:39LěˏƦʈĬ&MLǞ͖ɵ'/ɔ˱
ȾľͿȺ7Ty_o7;ʰDĞO+<ó¶ľͿ:5řś'/šį@;Ǌ
ʀľͿěˏ6L$7ʆ̎&M/ 
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4.2.2. ɔ˱ȾŅƁŹʐ;̋Ë  
 ɔ˱ȾǸ¹6ːˉʰʾJðͫİĘ'/ʮˎ͔Ǳɷ: in vivo 6ŅƁěˏ
C/͖ɵ'/ SFM AT-MSCsPó¶ľͿJ͔Ǳ͗ľͿŅƁěˏPʆ̎)
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L/FΏ3;Ǹ¹ΊǸ¹ðͫ-SCMľͿ (SC/SCM), Ǹ¹ðͫ-SFMľͿ (SC/SF
M), Ǹ¹ðͫ-SFMľͿ(SF/SFM) P̈ś'ʮˎŅȞˏPȢ̬'/ʲǼAT-MSCs
<ã5;Ǹ¹6 50ǡ·řśɷ:ŅȞ'ʷ"L$7ʆ̎&M/(Ĵ 11B)ɔ˱ȾľͿ
ʨ6L SF/SFM;ŅȞ<ƚǹ;ľͿʨ6L SC/SCM:ȢA΅!SC/SFM7ğʐƉ
62/(Ĵ 11B)$MJ;ʲǼJǴɔ˱ȾľͿȺPÇɥ'/ɔ˱Ⱦðͫȭ<ðͫ
Źʐʮˎ;ŅȞˏ:ƔͲP¡9$7ʈĬ&M/&J: SC/SCM7 SC/SFM
7;ŅȞØġ;́J SFM<˱Ⱦ: bFGFPĀ/ƚǹ;ľͿȺ:ȢA AT-MSCs
;ŅȞPǯƭ:΅!͔Ǳ:ʸǅ6 L$7ʈĬ&M/ 
 Ȗ:Ǵɔ˱ȾľͿʨȏ9uvɧǹ; AT-MSCsPó¶ľͿJřś'5ľͿ6
 LľͿʨ6L$7Pʆ̎)L/F26Ġ;ƨ˅Jǉę'/ AT-MSCsP SC/SCM
7 SF/SFM;­3;Ǹ¹:ð"5ʶ¶ɻC6ľͿ'/ͧ;ÑĀǥ͗PȢ̬'/$;
26Ġ;ƨ˅;ƃĺƄΈ< 67.9±7.7ț7Ȣ̬ɷ΅Έ;ǞŊ!ŋĊ<ɩƦƨ˅(ɩƦΕ
ŏƦΖ22:4)62/(Ĵ 12A)ľͿ;ʲǼSF/SFM< 26ȋÃã5;ȋÃPó¶ľͿ
JǊʀĕ>ŅƁ)L$76 /C/-;ƃĺÑĀǥ͗< 34.9±7.1ǥ͗7ƚǹ;ľͿ
ʨ6L SC/SCMΊ50.2±15.2ǥ͗΋:ȢAǯƭ:ʂ2/(Ĵ 12B)&J:ˠħȻ$
7:ɔ˱ȾľͿʨ<ȋÃȠ;ŅȞˏ;|q]ƚǹȭ:ȢAĊð·62/ΊSD=
SCM; 15.2ǥ͗, SFM; 7.1ǥ͗΋ 
 ǴŜ΂:Çɥ'/ʮˎΊːˉ΋;ǌÉ˅<¨ɱň7'5ƞɢįɰƨPG1͇;ƨ
˅<ĞÆɲ7'5ʧŰɱ(` A1c6.1)ĕ>˔ȔˏͨşΊCre1.5ĕ>̵ǺŜ
ǟƨ˅΋C/<-;¤ǞPǅ3$MJĞÆɲŅȞ:¡LƔͲPʆ̎)L/FĞ
Æɲ;ǯɔĕ>ʑͽȠ:ŅȞˏPȢ̬'/ʲǼ$MJĞÆɲ:ILŅȞˏ@;ƔͲ<
SC/SCMĕ> SF/SFM7G:̎FJM92/&J: 1×109Ð;ʮˎPİĘ)Lɓ:
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˽)LľͿǱ͗PȢ̬'/ʲǼSFM< SCM:ȢAʪ 10ǡľͿǱ͗Pʂʽ6 Lě
ˏƦʈĬ&M/(Ĵ 12C) 
 ·;ʲǼJǴɔ˱ȾľͿʨ<ĞÆɲʙɮ9Lƨ˅ˋǧ:ƔͲPĚ"L¬9!ʂ
Ǳ͗:řś'5 AT-MSCsPľͿŅƁ)L$7ěˏ9ľͿʨ6L$7ʈĬ&M
/ 
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4.2.3. ɔ˱ȾľͿʮˎ;Ʀ̠̋Ë  
 Ȗ:ɔ˱Ⱦðͫ-ľͿʨ6ČͫŅƁ'/ʮˎ MSCs6L$7Pğś)L/F˵
ͯƼđ̂Ǻĕ>¦ˍ˧ʨʮˎΊːˉ΃̪΃΋@;ðĆˏP̋Ë'/5ʶ¶ľͿƘ
; SF/SFMʮˎ< SC/SCMʮˎ7ğȏ: MSCs[6L CD73, CD90, CD105H
CD13, CD166͢Ʀ˱ɠĕèɸʮˎ[6L CD14, CD31, CD34, CD45, HLA-
DR͠ƦPʈ'/(Ĵ 13)&J: SF/SFMʮˎ<΃ˤʮˎĕ>ːˉʮˎðĆľͿȺ6
ľͿƘ-M.MʃɏĆĕ>ːˉɉƓƱ;ǆȑ6LSepuĕ>ZUp
u-O:IK̡!ǿˣ&M/-;ǿˣƑƉJ SF/SFMʮˎ< SC/SCMʮˎ7ğȏ;
΃ˤʮˎĕ>ːˉʮˎ@;ðĆˏPǯ)L$7O2/(Ĵ 14A-E)&J:ðĆ̏Ŭ
ùƘ6;΃ˤʮˎĕ>ːˉʮˎ̺͘ͅ½Ŗ;ɵɟPʆ̎'/ʲ Ǽ΃ˤʮˎ̺͘ͅ½
Ŗ6L Runx2, Osteopontin, Osteocalcine, ALP, typecollagen΃ˤʮˎðĆ̏ŬƘ
Ƒ͢ƦPʈ'/(Ĵ 14F)Ǟːˉʮˎ;hm^m6L PPARL
PLGC/ːˉðĆ̏ŬƘ¤Ǹ¹6͢ƦPʈ'/$7J SF/SFMʮˎ˵ɟʨ;D
9J*ͅ½Ŗ6GðĆ)L$7ʆ̎6 /(Ĵ 14G)C/̪΃ʮˎðĆ;
/FhWUuƓƱƘ̪ ΃ðĆľͿȺ6ľͿ'/ʲǼ¤Ǹ¹7G:hWUu
<tUg͢ƦPʈ'/$7J$MJ;ʮˎ̪΃@;ðĆˏPǯ'5
L$7ʆ̎&M/(Ĵ 14C) 
 ·;ʲǼJSF/SFMʮˎ<ƚǹ; SC/SCMʮˎ7ğȏ: MSCsȏ;˵ͯƼđ
RUPʈ'΃ˤʮˎːˉʮˎ̪΃ʮˎ@;ðĆˏPǯ)L MSCs6L$
7O2/$;$7J SF/SFM MSCsP̈́ƿɷ:ŅƁ6 LľͿʨ6L$7
ʆ̎&M/ 
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13##	#
SC/SCMSF/SFM5
	'
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4.2.4. Ž̜ɔ˱ȾľͿȺ7;Ȣ̬  
  MSCsɥ;ɔ˱ȾľͿȺ<Ķèŉ!3;ºȌ͖ɵ̜Ň'5KŽ̜ɔ˱
ȾľͿȺ:͘)L̔ǛŀĥGŊǙL(Chase et al., 2010)±İ͖ɵ'/ SFM7Ž̜;
ɔ˱ȾľͿȺ7;ƦˏȢ̬P˲2/ǴŜ΂6< MSCsɥɔ˱ȾľͿȺ;Þ΁"6G
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KŊ!;̔ǛŀĥL StemPro CTS (GibcoLindroos et al., 2009)ĕ> Gottipamula 
et al.(2013);ŀĥ6G΅ƦˏPʈ) Mosaic(BD);Ύ3;ɔ˱ȾľͿȺP̈́ś'/ː
ˉʰʾJ MSCsPðͫƘSCM6ó¶ľͿP˲2/ʮˎPÇɔ˱ȾľͿȺĕ>c
t6L˱ȾģǯľͿȺ6ʶ¶ľͿP˲2/ʲǼÑĀǥ͗< SFMǭG
ʂ!Ȗ6 Mosaic6KSCM7 StemPro<ğʐƉ02/ΊĴ 15A΋C/$MJ
Ž̜;ɔ˱ȾľͿȺ<˱ȾģǯľͿȺ7ğȏ:ȋÃȠ:ŅȞƦˏ:|q]ŋ !
ə: StemPro CTS< 4ȋÃ¦ 2ȋÃ6ʶ¶ƘʮˎƓƯňĆ'ŅȞȍʗ:͒Ć'
//F͔Ǳ͗ľͿPʸǅ)L$76 92/(Ĵ 15B, CD)Ǟ6 SFM<ȋÃ
͗6;ŅȞƦˏźŮ9!ã5;ȋÃ6řś'5ľͿ)L$76 /(Ĵ 15A-C)
&J:$MJľͿʮˎ;΃ˤʮˎːˉʮˎ@;ðĆˏP̋Ë'/ʲǼStemPro6ľ
Ϳ'/ʮˎ<´;ʮˎ:ȢAːˉʮˎ@;ðĆˏǯƭ:Á2/(Ĵ 16B, D)Ǟ
΃ˤʮˎ@;ðĆˏ<ã5;Ǹ¹͗6ğʐƉ62/(Ĵ 16A, C) 
 ·;ʲǼJǝ/:͖ɵ'/ SFM<ǴŜ΂6Çɥ'/Ž̜ɔ˱ȾľͿȺ7ğ
ʙ·;ŅȞÍ̼Ʀˏĕ>ľͿřśƦPǯ)LěˏƦʈĬ&M/ 
 
4.2.5. ´ʰʾɧǹƅʮˎ@;ƣɥ  
 ͗˧ʨƅʮˎȏʮˎ<΃΄PŒFːˉ˛ſ˱ˌɺȚʙȏ9ʰʾ:ŗĸ'
-MJ;Ȕˏ<ɮ9L$7ŀĥ&M5Lǝ/:͖ɵ'/ SFM´ʰʾɧǹƅʮ
ˎ;ľͿ:ƣɥěˏPȋ̅)L/F΃΄ɧǹ͗˧ʨƅʮˎĕ>Ț΄ɧǹƅʮˎȚ
ȅ˙ɧǹƅʮˎ6 SFM:ILɔ˱ȾľͿP˲2/$;ʲǼã5;ʮˎ6 SFM< 2
0ǡ·ľͿPʶʷ'ʮˎPŅƁ)L$76 /C/ SFM;ŅȞØġ<ã5;ʮ
ˎʑ6 SCM7ğȏ02/(Ĵ 17A-C)$MJ;ʲǼJSFM< AT-MSCs;D9J
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*΃΄ɧǹȚȅ˙ɧǹȚ΄ɧǹƅʮˎ;ľͿ:Gƣɥěˏ6L$7ʈĬ&M/ 
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4.3. in vitro6;ɔ˱ȾľͿʮˎ;Ʀ̠ĕ>Ȕˏ̋Ë  
4.3.1. ɔ˱ȾľͿʮˎ;ʮˎ˃Ć7ǲðĆˏ  
 $MC6;̋Ë6 SFMPɥ/ɔ˱ȾľͿʨΊðͫ-ŅƁʨ΋<ːˉʰʾJŊðĆ
ˏPǯ)L AT-MSCsPəɮɷ:ŅƁ)L$76 -;ŅƁăɞ<˱ȾPɥ/ƚ
ǹ;ľͿȺ:ȢAǯƭ:΅$7Pʈ'/Ǟ6ʮˎð˸İǙ;®̼<ʮˎ;˃Ć
PÍ̼'ǲðĆ[;ɵɟÁHðĆˏ;ÁPƎ ̣$)$7Gŀĥ&M5
LΊBonab et al., 2006Kim et al., 2009Eom et al., 2014΋&J:̿ü9ŅȞ÷Ɍ7
ð˸İǙ;®̼<ǿˣÃɮƀPƎ ̣$'ʲ Ǽ7'5ľͿʮˎ;ɴĆPƬ̣)Lě
ˏƦLÞ:̲A/I: SF/SFM<΅ŅȞ̏ŬăǼPǯ'ʂǱ͗:Ŋ͏;ʮˎ
ƛJMLǞŅƁ'/ʮˎ;ȔˏÁHǿˣÃɮƀ̣ /ŁĞǴɔ˱ȾľͿʨ
PʮˎȪɳ:ƣɥ)L$7<ͬ'$;$7J SF/SFMʮˎ;˃Ć;ʐƉP SA-β-
Glactosidase(SaβGal)ȳƦPǆȑ: SC/SCMʮˎ7Ȣ̬'/C/ƅʮˎ7'5;ǲðĆ
ƦP̋Ë)L/FǲðĆ[;ɵɟĕ> CFU-F assay:ILcwƓƱˏP̋
Ë'/&J: G|uȭ:IKǿˣÃɮƀ;ǯɔPʆ̎'/ 
 Ĵ 18A:< AT-MSCs#132;ĝʶ¶ǥ;ʭʓʮˎð˸İǙPʈ'/SF/SFM< SC/S
CM:ȢAã5;ʶ¶6΅ð˸İǙPʈ'/Ǟ SF/SFM; SAGalȳƦ<ğ(
ʶ¶ǥð˸İǙŊ:G͘OJ*-;ȳƦ< 4ʶ¶ɻC6SC/SCM7ğʐƉ6K
5ʶ¶ɻ·͜ǯƭ:ÁÒPʈ'/(Ĵ 18B)&J: 5°;ƨ˅ɧǹ AT-MSCs; 2ĕ>
5ʶ¶ɻ;ʭʓð˸İǙĕ> SaβGalȳƦ;ƃĺÒPȢ̬'/ʲǼAT-MSCs#132;ʲ
Ǽ7ğȏ: 5ʶ¶ɻ; SA-β-GalȳƦ< SF/SFMʮˎ6 SC/SCMʮˎ:ȢAǯƭ:Á
2/ΊĴ 18C, D΋Ȗ:¤Ǹ¹ 5ʶ¶ɻC6ľͿ'/ʮˎ;ǲðĆ[ΊOct4, 
Nanog. Sox2. Rex1΋ͅ½Ŗ;ɵɟPĴ 18E:ʈ'/SF/SFMʮˎ< SC/SCMʮˎ7
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ğȏ: Nanog, Oct4, Sox2, Rex1;ã5;ǲðĆ[Pɵɟ'/&J: CFU-F a
ssay;ʲǼ SF/SFMʮˎ< SC/SCMʮˎ7ğȏ;cwƓƱˏPʈ'/(Ĵ 18F)ǭ
Ƙ: SF/SFMʮˎ;ǿˣÃɮƀ;ǯɔP G-bandȭ:IK̂Ǻ'/ʲǼ10ʶ¶ľͿƘ
;ʮˎ:ǿˣÃɮƀ<̎FJM92/(Ĵ 18D) 
 ·;ʲǼJSF/SFMʮˎ<ð˸İǙ SC/SCMʮˎ:ȢA®̼'5L:G͘
OJ*ʮˎ;˃ĆÁ!ƺJMLěˏƦʈĬ&M/&J:SF/SFMʮˎ<ǲ
ðĆ[;ɵɟH˞Ż˼˻ˏʙ;ƅʮˎ7'5;Ʀ̠ 5ʶ¶ľͿƘGʸǅ&M
5L$710ʶ¶(30ǡ·)ľͿƘGǿˣÃɮƀ<DJM9$7ʆ̎&M/ 
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4.3.2. àɯƺöȳƦ;̋Ë  
 MSCs;əƠɷ9Ȕˏ;3:Ƒþ9àɯƺöÅɥLɔ˱ȾľͿʮˎ;àɯƺ
öȳƦP̋Ë)L/F˯ßˣʫ CFSE6ǿˣ'/~tǳȈ˱}ɠ(hPBMC)P SC/
SCMC/< SF/SFMʮˎ7}ɠȳƦĆıŖ6L PHAPģEľͿȺ¦6åľͿ'
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hPBMC ;ŅȞPdUtm6̋Ë'/(Ĵ 19A)$; CFSE ˣʫ<ŅȞ:
¾ʮˎð˸6-;˯ßƑƉ<ʪĊð:ɁŮ)L/F-;˯ßƑƉPǆȑ:ʮˎ;Ņ
Ȟ;ʐƉPʣÌ:̋Ë)L$76 L 
 ʲǼhPBMC;ŅȞ:¾ CFSE;˯ßƑƉ<ΐǡ͗6 80%·ɁŮ'/Ǟ6
MSCs 7;åľͿ:IK˯ßƑƉ;Ɂ˶ɞ< SF/SFM 6ʪ 15%SC/SCM 6ʪ 25%7
¤ľͿʮˎ7G:ğʐƉ;}ɠŅȞƺöˏPʈ'5L$7ʆ̎6 /(Ĵ.19B)
ə: SF/SFM< SC/SCM7ğʙ·;àɯƺöÅɥPʈ'/ 
 ·;ʲǼJSF/SFMʮˎ<ƚǹ;˱ȾľͿʮˎ7ğȏ:àɯƺöȔˏÎǅ&
M5L$7ʆ̎&M/ 
 
4.3.3. dUt[Uɤɣˏ;̋Ë   
 MSCsJɤɣ&MLȏ9dUt[U<in vivo6;ʰʾÏƝHàɯƺöʙ;Ȕ
ˏɵɟ:5͍˽6LΊAmble et al., 2014Chen et al., 2004Galindo et al., 20
11΋ə: AT-MSCs<´ʰʾɧǹ MSCs:ȢA΅dUt[UɤɣˏPǅ3$7
JSF/SFMʮˎ;dUt[URUPƹǎ'SC/SCMʮˎ7;́Pǣʆ
:)L$7<SF/SFMʮˎ; in vivo6;ʰʾÏƝăǼP«Ƀ)L/F;͍˽9ƪŀ
79LǴŜ΂6<ʰʾÏƝHàɯʨ:Åɥ)LdUt[U;ͅ½ŖɵɟP qPCR
:IK̂Ǻ'/ 
 ʲǼSF/SFMʮˎ; bFGFH PDGFVEGFEGFʙ;ŅȞıŖɐɲƦdUt[U
ΊTNFαIL-6IL-1β΋ƺöƦdUt[U(IL10IL-13);ͅ½Ŗɵɟ< SC/SCM
ʮˎ7ğʐƉ62/Ǟ6΃ðĆ:͍˽9 BMP2Ha[UΊCCL2H CCL5΋
;ɵɟ SC/SCMʮˎ:ȢAǯƭ:΅2/(Ĵ 20)CXCL12<ɵɟ΅Øġ:L
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G;;ȋÃȠ;ɵɟ:|q]Kǯƭź<ʆ̎6 92/(Ĵ 20)&J:ͅ½
ŖɵɟƑƉ:ǯƭź˾JM/ıŖ:35m}_6;ɤɣ͏PȢ̬)L/
F ELISA assayP˲2/ʲǼCCL2< SF/SFMʮˎ6 SC/SCMʮˎ:ȢAʪ 5Ñ·
΅ɤɣ͏Pʈ'/(Ĵ 21A)'' BMP2ĕ> CCL5<ľͿȾ¦Jȋï)L$
7<6 92/$;/F TNFα6ʮˎP÷Ɍ'/ƘêƉɃś'/ʲǼCCL5<
SC/SCMʮˎ:ȢAǯƭ:΅ɤɣ͏Pʈ'/(Ĵ 21B)Ǟ6 BMP2< TNFα6÷Ɍ
ƘSF/SFMʮˎ6ȋï&/SC/SCMʮˎ6<ȋï6 92/ (Ĵ 21C) 
 ·;ʲǼJSF/SFMʮˎ< SC/SCMʮˎ:ȢA΃ƓƱm}_̠;36L
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BMP2H CCL2,CCL5ʙ;a[U;ɤɣˏ΅ěˏƦʈĬ&M/C/$MJ
ıŖ<΃ȕǐÏƝH˱ʞǝɣ:Ù!$7ʁJMLə:΃ȕǐ;ÏƝ:<˱ʞǝɣ;
ţ¡Gŋ ¬JSF/SFMʮˎ in vivo6΃ȕǐÏƝ:ə:ǯă:Ù!ěˏƦ
L 
 
 
4.4 in vivo6;ɔ˱ȾľͿʮˎ:ILʰʾÏƝˏ;̋Ë  
4.4.1. ŋ˘΃΃ƽsVhPɥ/΃ÏƝˏ;śƦ̋Ë  
 $MC6˱ȾľͿ6ŅƁ'/ MSCs ȕǐʰʾ;ÏƝ:ţ¡)LŀĥŊǙ9&M
5LΊGranero et al., 2009Pak, 2012΋Ǟ6ɔ˱ȾľͿʮˎ in vivo6;ʰʾ
ÏƝ:ŧ'5ǯăƦPʈ)Ģ:35̍ʮ:̂Ǻ'/ŀĥ<9ʮˎ˞̩΃͘
̺ʮˎ@7ðĆ)LˏþPǅ1&J:dUt[Uɤɣˏ;̋ËJBMP2 H CC
L2CCL5PŊ!ɤɣ)L SF/SFMʮˎ< SC/SCMʮˎ:ȢA΅΃ȕǐÏƝăǼPG
3ěˏƦL7˄/$;$7JǴŜ΂6<ŋ˘΃ȕǐsVhPɥ i
n vivo6;΃ȕǐÏƝ:ŧ)L SF/SFMʮˎ;ǯăƦ:35ȋ̊'/ 
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 8-12̻Έ;Vh;Ĝŋ˘͇Pñ͖'ŋ˘΃P{d6ñǜƘȰŪ͑6΃Pĵś)
L$7:IKŋ˘΃ȕǐsVhPÅƱ'/$;ŋ˘΃ȕǐ͇:Ĉɳɥko
ΊkY΋:ȼ,/ AT-MSCsPʏȊ'/ 
  Ĵ 22A,B :<ʮˎʏȊ 20, 30, 40ǡƘ;ȕǐ΃;ɛƯP X ʻĕ>CT ɪÚ&J
: H&EǿˣƘ;ʰʾñɖÚ:IKʈ'/CTɪÚJʮˎʏȊ 20ǡƘŋ˘΃:
<ŋ 9×ȝL-;Ƙƙ:ÏƝ' 40 ǡƘ:<ȕǐŭ&!9KÏƝ̼Q6
L$7OLə: SF/SFM <´;Ǹ¹:ȢAȕǐ͇;ÏƝ̼Q6K40 ǡ
ɻ:<΃˵ͯ;×<̎FJM92/(Ĵ 22A)&J:ȕǐʰʾ;ɛƯ:35ʰʾñ
ɖPÅƱ'ʆ̎'/ʏȊ 20 ǡƘȕǐ͇À:<˫ͭʬˣ6ʈ&MLŊ!;ʻʸˤ
ʮˎȏ;ʮˎͩCK40ǡƘ΃;¤ʗΊëɿ΋J_ˣ6ʈ&ML Osteo
cyte ;ƓƱ̼Q6L$7́Ŧ6 L(Ĵ 22B)ə: SF/SFM ʮˎPʏȊ'/ŋ˘
΃< 20ǡƘ´;Ǹ¹:ȢAʻʸˤʮˎȏ;ŴŮ9ǞOsteocyte;ƓƱ̼Q
6K40ǡƘ:<ʻʸˤʮˎȏʮˎ Osteocyte:ˀ ǍOK΃˰Ğ̼Q6L
$7ʆ̎&M/(Ĵ 22B)$;ʲǼJ SF/SFMʮˎ SC/SCMʮˎ:ȢA΅΃Ï
ƝˏPǅ3ěˏƦʈĬ&M/ 
 
4.4.2. ŋ˘΃΃ƽsVhPɥ/΃ÏƝˏ;ś͏̋Ë  
 Ȗ:ÏƝ΃;ɛƯPś͏ɷ:̋Ë)L/FAT-MSCsʏȊ 30ǡƘ;ŋ˘΃;΃Ť
Ɖ΃ƑƉ(Stiffnessĕ> Failure load)PɃś'/ÏƝ¦;ŋ˘΃;΃ŤƉĕ> Stiffne
ss< SF/SFMʮˎʏȊ΃6 AT-MSCsͮʏȊ΃H SC/SCMʮˎʏȊ΃:ȢAǯƭ:΅
2/(Ĵ 23A, C)Ǟ Failure load < SF/SFM ʮˎʏȊ΃6 AT-MSCs ͮʏȊ΃:ȢA
ǯƭ:΅2/SC/SCMʮˎʏȊ΃7ğʐƉ62/(Ĵ 23B)·;ʲǼJS
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F/SFMʮˎ<SC/SCMʮˎ:ȢA΅΃ȕǐÏƝÅɥPG1ƚǹȭ:ȢAȪɳǱ͗
Pʂʽ6 LěˏƦ˄JM/ 
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4.5. ˯ß͏ŖiΊQdots΋Pɥ/ʏȊʮˎ;ÃèĄƯ̂Ǻ  
4.5.1. Qdots;ęK̯Dăɞĕ>ŅȞˏðĆˏ@;ƔͲ  
  ù͵;ʲǼSF/SFMʮˎ<΃ȕǐ;ÏƝ:ŧ'5ǯă:Åɥ)LěˏƦʈĬ&
M/MSCsʏȊ:IL΃ʰʾÏƝ;̍ʮ9[wi<ǲ0̂ǣ&M59Ŋ
!;ʄʔ˅<ʏȊ'/ MSCs˞̩΃ˤʮˎC/<̪΃ʮˎ:ðĆ'ʰʾÏƝPÍ
̼)L$7HʏȊ'/ MSCsɤɣ)LdUt[UɣÃè;΃΄ɧǹƅʮˎ
HČɠ_Rgʙ;̢̾PÍ'&J:ȕǐʰʾ6;˱ʞǝɣH΃̺͘ʮˎ;
ͩʓ̼E$76ȕǐ΃ÏƝ&ML$7P˄Ŧ'5LΊKnight et al., 2013΋ɔ˱
ȾľͿʮˎ;΃ȕǐÏƝ[wiPȋ̅)L/Fȕǐʰʾ6;ʏȊʮˎ;ĄƯP̓
AL$77'/$;ȋ̅6<˯ ß͏Ŗi(Quantum dots-655(QD655))PÇɥ'/
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æÃɷ:<QD655P AT-MSCs;ʮˎè:Ŭâ'QD655;˯ßf`vPǅ3 AT
-MSCs Pŋ˘΃ȕǐ͇À:ʏȊ)L$76QD655 ;̡ˣ˯ßJʏȊʮˎP̧̳6
 L(Ohyabu, Y et al., 2007, Pietilä et al., 2013, Yoshioka et al., 2011)ǴŜ΂6
< QD655Pʮˎè:Îǅ)L/FƼmƼÃP conjugateĆ'/ Qdots655(i-QD)
PÇɥ'/m<~tfp_rU;ʑ6Krk;ȳ
ƦöƜ:͘¡)L$7ʁJM5L¨ :ɴĆ'/ʮˎ:ɵɟ)Lm 1<Ȅ
Ħĳ:Șƀʮˎ:ɵɟ)Lm 2<ʮˎ̠:ɵɟ)L$7ʁJM5L 
 ŒF:«Öȋ̅7'5$;mƼÃ AT-MSCs :ɵɟ)L$7P in vitro 6
ʆ̎'/ʲ Ǽm;ɵɟ<grTct7'5Çɥ'/ªɴʮˎ
ȃΊU2OS΋6<ȄĦĳ:AT-MSCs6<ʮˎ̠ãÃD7FJM/(Ĵ 24) 
 
  
  64 
 Ȗ: i-QDPʮˎ@ęK̯C+-;ęK̯Dăɞĕ> i-QDŅȞˏHðĆˏ:ƔͲ
)LPȋ̊'/ʲ Ǽi-QD;ęK̯Dăɞ<ʪ 90%7B7Q8; AT-MSCs6ęK
̯CML$7ʆ̎&M/(Ĵ 25A)C/ i-QD PęK̯Q0 AT-MSCsΊi-QD+ʮˎ΋
7ͮîɡ;ʮˎ6ŅȞˏPȢ̬'/ʲǼğȏ;ŅȞØġPʈ'/(Ĵ 25B, C)&J:
i-QD+ʮˎPːˉĕ>΃ˤʮˎɥðĆľͿȺ6 20ǡ͗ľͿƘ˯ ßͼƟ͓6́Ŧ'/ʲ
ǼQD655;̡ˣf`v<ðĆ̏ŬƘGʆ̎)L¬6 /(Ĵ 25D)$MJ«Öȋ
̅;ʲǼi-QD ;ęK̯D<ʮˎ;ŅȞĕ>ðĆ̏Ŭˏ:ƔͲ+*ðĆ̏ŬƘG
QD655 ;f`vȋïěˏ6L$7ʆ̎&M/$;ʲǼPG7:i-QD PÇ
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ɥ' in vivo6;ʮˎ;̧̳̂ǺP˲2/ 
 
4.5.2. ʏȊʮˎ;ÃèĄƯ̂Ǻ  
 ʏȊ'/ AT-MSCs ;ŋ˘΃ȕǐ͇À6;ĄƯΊɣŗ͇À΃̺͘ʮˎ@;ðĆ;ǯ
ɔ΋Pʆ̎)L/Fi-QD PęK̯C+/ SC/SCM ĕ> SF/SFM ʮˎP΃ƽs
Vh:ʏȊ' 30ǡƘÅƱ'/íʲñɖPS[hRmkΊALP΋ĕ> DAP
I6ǿˣ'/ALP<΃ˤʮˎĕ>̪΃ʮˎ:ɵɟ)L͊ʫ6͋J[f
VPɣƱ'΃;ʃɏĆPƎ ̣$)͍˽9΃̺͘ʮˎ[6LǞDAPI
͢Ʀ͇À<ʮˎ;ȄPʈ)ALPǿˣÚJ SF/SFMʮˎPʏȊ'/ŋ˘΃<΃ãÃ
Ƒ! ALP;ʬˣPʈ'/ΊĴ 26A΋Ǟ6 SC/SCMʮˎʏȊ΃< SF/SFMʮˎʏȊ΃
7ğȏ:Ŋ!;Łƴ6ʬˣ; ALP ͢ƦͷĽPʈ'/ɶǽ6ʈ)I:͇6ͮǿ
ˣͷĽ̎FJM/ΊĴ 26A΋&J: i-QD;̡ˣ˯ß< SC/SCMĕ> SF/SFM:͘O
J*ŋ˘΃ȕǐÏƝ͇À;͇6ʆ̎&M/(Ĵ 26B)C/ QD655;̡ˣf`v;Ŋ
!<ʮˎ;ȄPʈ)DAPI;ͭˣ˯ßHS[hRmk͢ƦͷĽPʈ)ʬˣ͇
À7͍9L$7J(Ĵ 26CD)ʏȊʮˎ;Ŋ!< ALP͢Ʀʮˎ:ðĆ'5Lěˏ
ƦʈĬ&M/ 
 ·;ʲǼJʏȊ'/ AT-MSCs ;͇<-;ľͿǸ¹ΊSC/SCM, SF/SFM΋:
͘OJ*ŋ˘΃ȕǐ͇À:78CK΃̺͘ʮˎ:ðĆ)L$76΃ȕǐ;ÏƝ:ţ¡
'5LěˏƦʈĬ&M/ 
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ʘ 5ʖ ˄Ŧ  
 
 ̰Ƅƅʮˎʄʔ<ŋ !̼Ų'ʮˎȔˏ;ŊȏƦƙ:ǣJ:925L
C/ʄʔ;̼Ų:O+-;΅ȔˏƦPĈɳ:õɥ)L/F;ʄʔG̼DĄɘŜ
΂PŒF~t:ŧ)L˝Ƈʄʔ6Gƅʮˎ;ǯăƦʈ&M5LǞ6ʮˎPÃ
ŉ6ĀŹ)Lͧ:˲OMLľͿǞȭ;Ŋ!<ƚǹ;ʄʔŝ;ľͿ˲OM5
KVf˱ȾPŒF7'/ĄɘɧǹıŖȏ9Źʐ6Çɥ&MřãƦ:ĭͻPǀL
±ƘʄʔȟͣJŜɥĆȟͣ@;ʏ˲:¾ȏ9ˋǧPǅ2/ƨ˅ɧǹ;ʮˎP
řśɷ:¢3ăɞɷ:ŅƁ'Ĉɳdh7'5;ƨ˅@;ƻ¡˲OML$7˄
JML$7J$MJ̒ͻP̂Ȩ)L$7<ƅʮˎ;êɣĈɳ@;ŜɥĆPÍ̼
'ȏ9ͬȪƦɰƨ;Ȫɳȭ͖ɵ:39LěˏƦL 
 Ǵʄʔ͖ɵ6<ː ˉʰʾJ MSCs;ČͫJŅƁC6;ã5;ŹʐPɔ˱ȾĆ)
L77G:$MC6ŀĥ&M5Lɔ˱ȾľͿ;ĭͻɒ6LľͿřśƦ;ǕĮ
ŅƁăɞƦ;ġó¶ľͿ:"LǊʀ ˢʙPǕĮ'˱ ȾľͿʨ7ğʙ·
;řśƦHŅƁăɞƦPǯ)Lɔ˱ȾľͿʨPȎʡ)L$7Pɻɷ7'Ŝ΂P˲2/
&J:ɔ˱ȾľͿʨ6ŅƁ'/ AT-MSCs in vivo6;ʰʾÏƝ:ŧ'5ǯă:Åɥ
)L;C/-;ǯăƦ<˱ȾľͿʮˎ7Ȣ̬'5΅ĢPȋ̊'/ǝ/:͖
ɵ'/ɔ˱ȾľͿʨ<ːˉʰʾJ MSCsPƚǹȭ7ğʐƉ;ăɞ6İĘ6 FBS
PÇɥ'/˱ȾľͿʨ:ȢAǯƭ:΅ŅƁăɞPʈ'/&J:ˋǧ;ɮ9L 26Ġ
;ƨ˅ã5;ȋÃPřśɷ:ľͿŅƁ)L$76 /C/ɔ˱ȾľͿʮˎ<˱
ȾľͿʮˎ:ȢA΅΃ÏƝˏPǅ3¬ǣJ792/Ǵʄʔ;͵ɻô;˄Ŧ:3
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5·:̲AL 
 
5.1. ɔ˱ȾľͿȺ;͖ɵ  
 Ž̜ɔ˱ȾľͿȺPÇɥ'/̔Ǜ6ŀĥ&M5LI9ľͿ; řśƦ;ǕĮ7
&J9LŅƁăɞġěˏ9ɔ˱ȾľͿȺP͖ɵ)L/Fə:͍˽Ʀ΅Ŀʇľ
ͿȺ7ŅȞıŖ;̈́śP˲MEMĕ> bFGF, PDGFBB, TGFβ;ʰDĞO+ǭG
̓'5L$7Pʈ'/(Ĵ 25)MEM:ģCMLȄ͋HShc͋<´;ľ
ͿȺ:<ģCM5J*əƠɷ9ıŖ6Lə:Shc͋<cb;ɣĞ
Ʊ:͘¡'ŅȞıŖ7ʰDĞO+L$76 MSCs:ŧ'5ŅȞÍ̼ăǼPǯ)Lŀĥ
GL(Gronthos et al., 1995)C/Ȅ͋<̷ƀʮˎ˞̩:ĞƱ)LˏþLG;;
ȹ̝͏:ŧ'ĞƱ͏ ĉð9ŁĞŉ͇J;Éʳ)L$76ǯă:Åɥ)L$7
˄JML$;$7J$MJ;ıŖMEM:IL΅ŅȞƦˏ:ţ¡'/ěˏ
ƦL$;ʲǼ<ȏ9ĿʇľͿȺÇɥ&ML MSCsľͿ:5ĿʇľͿȺ
;̈́ś MSCs;ŅƁăɞPġ&+L6͍˽6L$7Pʈ)G;6LC/
ŅƁăɞ;ġ7ľͿ;řśĆPǱƖ'ǭ̓9ŅȞıŖ7'5 bFGFPDGFBBTG
FP̈́ś'/$;ʲǼ<·ù BM-MSC;ŅȞ:ǯă9ŅȞıŖ;̋ËP˲2/ Ng 
et al.(2008)J;ŀĥ7ğȏ6KMSCs;ľͿřśĆHŅƁăɞġ:ŧ)LǯăƦ<
ǣJ6L$7˄JM/''ƒó;«Ƀ:ė'ɔ˱ȾǸ¹$MJŅȞ
ıŖ7MEM7;ʰDĞO+<ʂǱɷ:ŅȞPÍ̼)LG;;͔Ǳɷ:ŅȞPʸǅ)
L$76 92/$M<ɔ˱ȾľͿ@ʏ˲)Lù:Çɥ'5/˱ȾƱðO
*9JGŜ΂ʨ:ȼâ'-MʂǱɷ:ŅȞʸǅPěˏ:'/7˄JMɔ˱Ⱦ
Ǹ¹͔Ǳɷ:řś'/ŅȞPʸǅ)L:<&J:ƢͶ9ıŖ ̥'5LěˏƦ
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Pʈ)G;62/(Ĵ 7)C/SFM7ğ(ɎƉ; bFGFPDGFBBTGFP SCM
:Ā/ŁĞSFM7ğȏ;ŅȞ̸Ɖ<ƛJM92/$7J(Data not shown)A
T-MSCs;řś¢3ăɞɷ9ŅƁ:<´:͍˽9ıŖŗĸ'-MP̓͏Çɥ)L$
7řś¢3΅ŅƁăɞƦPǅ2/ɔ˱ȾľͿȺ͖ɵ:<Ƣ˽6L$7˄J
M/$;˄ŦJŽ̜ɔ˱ȾľͿȺ;Ŋ!6˾JMLľͿ řśƦ<$MJıŖ; 
̥:̣ı)L$7ǋŦ&ML9Ǵʒ6<ɔ˱ȾľͿȺʰƱ;̍ʮ:35<͖ʈ
'9 
 
5.2. ɔ˱ȾľͿʨ;͖ɵ  
 $MC6Ž̜ɔ˱ȾľͿɇȺPÇɥ'/ɔ˱ȾľͿʨ;ĭͻɒ7'5<ó¶ľͿ:
"LǊʀ ˢLC/ʰʾJʮˎPİĘ)LŹʐ:5-;ɇŕǸ¹;́
ʮˎ:¡LƔͲP̋Ë'/ŀĥ<9ɟĸŊ!;ŀĥ6< PBSC/< FBSPģ
E PBS¦6cbvkîɡ˲OML37ɢń 60ð·U]t&M
L$;Źʐ6<ʮˎè¶̕<ʸǅ&Mŉ͇ɢńňĆ:¾ʮˎ@;ƩƔͲưƤ&M
L$7JľͿɢń:̰ɢń6;îɡǰC'7˄ʮˎ;Î̗ÅɥL
~t˱ȾSPģEľͿʨ¦6îɡP˲ɔ˱ȾîɡǸ¹P̈ś'/ǴŜ΂6
< AT-MSCs;İĘăɞP̋Ë)L/FCD73+CD90+CD31-CD45-P MSCs[7
'5˿ś'/̷ƀ$MJ[:Ā CD105͢Ʀ MSCs[7'5˿ś&
M5LːˉʰʾJİĘɼƘ;ʮˎ6< CD105Pɵɟ'592/Yoshim
ura et al.(2006)<MSCsšį@Ǌʀ)L$7:IK CD105Pɵɟ)L$7Pŀĥ'
5L$;ŀĥJG±İ˿ś'/[<̋Ë;6őƒ6L7˄5L 
 MSCs<ã5;cbvkîɡǸ¹6ːˉʰʾ 1gJʪ 2×105ÐİĘ6 cb
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vkîɡǥ;˱Ⱦ;ǯɔHɔ˱ȾľͿȺ;Çɥ<İĘăɞĕ>ɣʮˎɞ:ƔͲ'9
$7ǣJ792/Ǟ6ó¶ľͿ6;ŅȞăɞ<cbvkîɡǥ: PBS+
FBSPɇŕ7'5ʮˎPİĘ'/Ǹ¹ PBS;DPɇŕ7'/Ǹ¹:ȢAǯƭ:΅!
cbvkîɡǥ; FBS;ŗĸ-;Ƙ;ŅȞ:ƔͲ)LěˏƦ˄JM/$
;ʲǼ<Þ:«ƫ'5/ʲǼ6KFBS¦:ģCMLSPŒF7'/̙ť
9m}_Ʊðʮˎ˙;řśĆHȸ̵ķʸǅ&J:<ːˉ͋ʙ͇;ȡƦƱðPĤ
ʀ)L$7:IKʮˎPÎ̗'/7˄LǞ6ɣʮˎɞ:́˾JM92/$
7JǴŜ΂6˾JM/ó¶ľͿ6;ŅȞɞ;źó¶ľͿǥ;ʮˎȜ:ILG;
ŅȞ͛şʙH-;´;ƔͲ:ILG;< ǣ6K&J9Lȋ̊Ƣ˽6L
C/ɔ˱ȾðͫǸ¹6LǕňMEM basal medium +HSAPɇŕ7'/Ǹ¹6İĘ
'/ʮˎ<PBS+FBSPɇŕ7'/Ǹ¹7ğȏ:26ȋÃã56řś'/šį@;Ǌʀ
˾JM/&J:ȋÃȠ;źŋ G;;ó¶ľͿ6;ŅȞɞ΅Øġ:L$
;ʲǼ<ʮˎè¶̕̼E6N 37ɢń:"Lɇŕɢń;͍˽ƦPʈ)G
;6LC/-;ƘΑΌǡ·ľͿPʷ"/ʲǼǕňĻMEM basal medium +
HSA6ðͫ'/ʮˎ< PBS+FBS6ðͫ'/ʮˎ;ŅȞ7ğȏ62/$7JǴŜ΂
6̈ś'/ɔ˱ȾðͫǸ¹< MSCsŅȞ:ƩƔͲP¡9$7ʆ̎6 /Þ˲ʄ
ʔ6<Ž̜;ɔ˱ȾľͿȺΊStemPro΋Pɇŕ7'5 AT-MSCsPðͫ'-;Ƙ StemP
ro7 Carboxyl-coated flasks (Purecoat BD)PÇɥ'ó¶ľͿP˲25L'' 6ȋ
Ã¦ 2ȋÃ6Ǌʀ6 *-; řśƦPŀĥ'5Lšį@;ʮˎǊʀ<̥Łɢ
ń:ŋ !Êŗ)Lù̲'/IÇɥ)LľͿȺ:ģCMLŅȞıŖƔͲ)L$7
GL͖ ɵ'/ɔ˱ȾľͿȺ<ĴΓ6ʈ)I:Ty_o·ŉ;wH
CELLstart<ʮˎ;ǊʀHŅȞPĉð̏Ŭ6 92/$M<ʶ¶ľͿǥ;ʲǼ6<
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LcrT`t_h;̈́ś<ɔ˱ȾľͿʨȎʡ:53;͍˽9˽ʫ
:9L7˄JMǴɔ˱ȾľͿȺ:ŧ)Lǭ̓9t_h<Ty_o6
K$MJ;ʰDĞO+<řś'/ó¶ľͿʮˎ;ǊʀľͿPěˏ7)L$7ʈĬ&
ML 
 ·;ʲǼJǴɔ˱Ⱦðͫȭ<˱Ⱦ:ILh_Pİ͆'΅ ŅȞƛJML
ðͫǞȭ7'5ǯɥ6LěˏƦL 
 ǝ/:͖ɵ'/ SFMPɥ/ɔ˱ȾľͿʨ<ʻʸˤʮˎȏ;ƓƯMSCs[
;ɵɟ΃ˤʮˎːˉʮˎ̪΃ʮˎ@;ðĆˏPǅ3 MSCs;ś˂PɅ/)ʮˎ
Pəɮɷ:ŅƁ6 /&J:-;ŅƁăɞ<ƚǹ;˱ȾľɇȺ:ȢAǯƭ:΅!
Ŝ΂:Çɥ'/ˋǧΊƄΈƦźĞÆɲ΋;ɮ9L 26ȋÃ;ʮˎã5Přśɷ:ľ
ͿŅƁ6 ʲ Ǽɷ:Ȫɳ:Ƣ˽9ʮˎǙPİĘ)L/F;Ǳ͗PŋƁ:ʂʽ6 L
(Ĵ 27Ĵ 12A-C)ľͿǱ͗;ʂʽ<ȪɳǱ͗;ʂʽHľͿcht;øɁ:39L$
7J-;õɒ<ŋ &J:ˠħȻ$7<ɔ˱ȾľͿʨ<˱ȾľͿʨ:ȢAǴ
Ŝ΂6ľͿ'/ȋÃ͗;ŅȞƦˏ;|q]PǣJ:ŭ&!6 L$76L$M
<Ǵɔ˱ȾľĹĝȋÃ;ŅȞrfPƎ ï'/ʲǼ7˄5L̷ ƀƨ
˅;ˋǧ:IKʮˎ;ŅȞˏ<ŋ !ɮ9KƢ˽9ʮˎǙİĘ6 LC6͔Ǳ͗P
˽)L$7Hś;ľͿhagè6Ƣ˽9ʮˎǙƛJM9ahGL
C/ȋÃȠ;ŅȞ:O+/ɕͪ9ŹʐʞɡƢ˽:9LǴɔ˱ȾľͿʨ<$MJ
;ĭͻPİ͆6 LěˏƦKūǹɷ9ɤȌĆ:5ŋ 9õɒ:9L7˄L
C/ǴŜ΂6Çɥ'/ȋÃ;uvƃĺƄΈ<ʪ 70ț7΅Έ˅;ȋÃŊ2/u
v;ƄΈ MSCs;ŅȞHȔˏÁP̣$)ŀĥGLΊLund et al., 2010΋Ǵɔ
˱ȾľͿʨ<΅Έ˅d6Gřśɷ¢3ăɞɷ:ʮˎPŅƁ6 L$7ʆ̎6
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 /$7<˝Ƈƣɥ:ġ"/3;õɒ79LěˏƦL
 
 ´ʊɔ˱ȾľͿȺ7;ŅȞˏĕ>ðĆˏPȢ̬'/ʲǼSFM< MosaicH Stempro 
:ȢAğʙ·;ƦˏPǯ)LľͿȺ6L$7ʈĬ&M/C/´ʊɔ˱ȾľͿȺ
6<͇;ȋÃ6ʶ¶ľͿƘŅȞŋ !͒Ć)L98$MC6ŀĥ&M5LI
9ľͿ řśƦ˾JM/SFM<$MJ´ʊľͿȺ6΅ŅȞPʸǅ6 92
/ȋÃ6Gřś'/ŅȞƦˏPʈ'/´ʊɔ˱ȾľͿȺ<ʰƱ͖ʈ&M5J*
$;đıP˄Ŧ)L$7<ͬ'$MJŜ΂ʲǼ< SFM΅ľͿřśƦPʈ)$
7PƑ!̊ǣ)LʲǼ6K3;ÛÀƦ6L7˄L 
 &J:SFM<΃΄ȚȅȚ΄ɧǹƅʮˎʙ;´;ƅʮˎPľͿěˏ6K-
;ȧɥƦʆ̎&M/''$MJŅȞˏ;ːˉɧǹ MSCs6˾JM/I9˱Ⱦ
Diﬀeren'a'on*ac'vity
CFU2F*ac'vity
Stemness*maker*
Nanog+,*Oct4+,*Sox2,*+Rex1+
MSC**maker*
CD142342452,**
CD73+90+105+
AT2MSCs
********Various**
pa'ents*background*
*********Age*
*********gender*
*********disease
Adherent*to*
*vessel
Cell*processing*In**
Serum*free
isola'on expansion
****************Feature*&*advantage*of**
**************serum*free*culture*system*
*
Stable*culture*in*primary*&*passage*
*=*MSCs*from*26*pa'ents*
*
Eﬃcient*expansion*
******=*Doubling*'me*(SCM:SFM=50h:34h)*
*
Eﬃcacy*against*disease*
*******=*Bone*repair*potency*(SCM*<*SFM)*
27#	
##
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ľͿ:ŧ)LŅȞˏ;ÛÀƦ<˾JM92/ŅȞˏƦˏ;ÛāP̋Ë)L/F:<
&J:ŊȋÃ6;̋ËƢ˽79Lĝʰʾɧǹ MSCs:O+ɔ˱ȾľͿȺʰƱ
;ǭ̓ĆƢ˽79LěˏƦL 
 
5.3. ɔ˱ȾľͿʮˎ;̠7řãƦ  
 ̷ƀʮˎ;ð˸İǙ<rS͔:˿ś&M͔Ǳ͗;ŅȞ<˃Ć̼DOct4
H Sox2ʙ;ǲðĆ[;ɵɟÁHŊðĆˏÁ'ʲǼ7'5ƅʮˎ7'5
;Ʀ̠PŎ$7ŀĥ&M5LΊLi et al., 2011Liu et al., 2013΋ŅƁăɞ;΅
ɔ˱ȾľͿʨ<˱ȾľͿ:ȢAʂǱ͗:ʮˎð˸İǙ®̼'ʮˎ˃Ć7-M:¾
ȔˏÁPƎ ̣$)ěˏƦ˄JM/«ƫ:ė'˃Ć[;ɵɟ<ƺ
JMƅʮˎ7'5;Ʀ̠<ʸǅ&M5L$7ʆ̎&M/$;æÃɷ9˃Ćƺö
[wi< ǣ0Eom et al.(2012)<˃Ćƺö:< AKTf`vĕ> ERKf
`vʙ;ȳƦĆǯă6KMSCsJZt_U6ɤɣ&ML bFGFFGF4
EGF$MJf`vPȳƦĆ)L$76ʮˎ˃Ć;ƺöHǲðĆƦʸǅ:ţ¡)
L$7Pŀĥ'5LǴŜ΂6<¤ľͿȺ6 bFGFPľͿȺ¦:ĀÇɥ'5L
ɔ˱ȾľͿȺ6< AKTH Erk;͋Ć:Åɥ)L PDGFBBGĀJM5L$7
JSFM6;˃ĆƺöÅɥ< bFGF7 PDGFBB;˼ĞɷÅɥ:ILG;6L7˄
JMLǞ6sm:<ʈ'59ɔ˱ȾľͿ6&J:ʶ¶ľͿPʷ"/ŁĞ
ƥɌ9 SAβGalȳƦ;ŅĀ7ŅȞ;˨'͒Ć˾JML$M<ʮˎ˞̩;ð˸͝ɫ
:¾ňĆ6L7˄JMrS͔;̂ǺP˲$76SF/SFMʮˎ;˃Ć7
ð˸͝ɫ:ILʮˎȔˏ;ňĆǣʆ:9L7«ƫ&MLǞ G|ûǺ;ʲǼ
J 10ʶ¶ľͿ'/ʮˎ;ǿˣÃ:ɮƀ<̎FJM*Ǵɔ˱ȾľͿʨ6;ŅƁ:I
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KɴĆ̣ LěˏƦ<Ů9$7ʈĬ&M/ 
 ľͿɢń;ňĆ< MSCs;əƠɷȔˏ;36LdUt[UɤɣˏPňĆ&+
L7˄JMLBMP2H CCL2CCL5;ɤɣˏ SC/SCMʮˎ:ȢA SF/SFMʮ
ˎ6ǯƭ:΅$7ǣJ792/C/ CXCL12<ʴ̄ɷǯƭźɔG;;S
C/SCMʮˎ:ȢA΅ɵɟØġPʈ'/van Steensel et al.(2010)<PDGBB NF-
Bʱ̨P²'CCL2H CCL5CCL7ʙ;ɐɲƦdUt[U;ɤɣP΅FL$7P
ŀĥ'5L$;$7Jɔ˱ȾľͿȺ:ĀJM/ PDGFBB<ŅȞÍ̼0"69
!$MJɐɲƦdUt[U;ɤɣŅĀ:ţ¡'-;ʲǼ CCL2H CCL5ŅĀ'/
ěˏƦLǞ6 CCL5< TNF÷Ɍ9':<ȋï)L$7<ïǹ92/$M
< TNF6÷ɌùJǴŜ΂6Çɥ'/ ELISA kit6ȋïěˏ9ɎƉʠĳ·;ɎƉ
6 SF/SFMʮˎ;ɤɣ͏<ǯƭ:΅2/G'M9TNF:IL̳Ā÷ɌʲǼ
ɷ:ȋï6 LɎƉʠĳè6-;źPǣʆ:ʈ'/ěˏƦL&J: MSCsJ
; BMP2ɤɣ:35<!3ŀĥLǞ6ɤɣ͏ͮƀ:Ɵ͏9/F-;ȋ
ï<´;ıŖ:ȢAšǤ6<9ǴŜ΂6 SF/SFMʮˎ΅ɤɣ͏Pʈ'/æÃɷ
9ɡɧ< ǣ6K&J:̍ʮ9ȋ̅Ƣ˽6LBMPΎ<΃ðĆ̏ŬÍ̼PŒ
F΃êɣ:ŧ'5͍˽9ıŖ6L$7JSF/SFMʮˎ΃ÏƝ:ǯă:ţ¡)L
ěˏƦ΅$7<$;smJGǋŦ&ML 
 ·;ʲǼJǴŜ΂;ʲǼ<Ǵɔ˱ȾľͿʨ;řãƦPʈ'5L7G:ƅʮ
ˎ7'5;Ʀ̠ĕ>Ȕˏɔ˱ȾľͿʮˎ6ʸǅ&M5L$7Pʈ)ǯɥ9ƪŀ:
9L7˄Lə: SF/SFMʮˎ6˾JM/ BMP2ĕ> CCL2CCL5ɤɣˏ;ġ<
$MJ;ıŖţ¡)L΃ÏƝ;D9J*ˮ˱đı79Lɰƨ:ŧ'5G SF/SFM
ʮˎ in vivo6ǯă:Åɥ)LěˏƦPʈĬ)LG;6L 
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5.4. ΃ȕǐÏƝ:ŧ)Lɔ˱ȾľͿʮˎ;ǯăƦ  
 SF/SFMʮˎ< SC/SCMʮˎ:ȢAǯƭ:΅΃ȕǐÏƝˏPʈ)$7ŋ˘΃;ś
Ʀɷĕ>ś͏ɷ̋ËJǣJ792/(Ĵ 2223)&J:ʏȊ'/ AT-MSCs;͇
<΃ȕǐÏƝ͇À:ɬCK˞̩ðĆ)L$76 ALPɵɟʮˎ79K΃ÏƝ:ţ¡
'5LěˏƦ˄JM/ŋ˘΃:¶˵&ML͔ʞ΃;ÏƝ<Ŋ!̪΃è΃Ć:
IK˲OMLæÃɷ:ȕǐóǱ6<ɐɲƦėƣ̼Dʷ5˱ʞǝɣĕ> MSCs
;ͩʓ̣$L$MJʮˎ<ȕǐ͇À6ŅȞ'MSCs<̪΃ʮˎC/<΃ˤʮˎ@
7ðĆ)L΃ˤʮˎ<è˙΃Ć̿ʐPʱ5ʃɏĆP˲Ǟ̪΃ʮˎ<ƥ̸:Ņ
Ȟ'̪΃Ŀ̠PðȬ'9Jˈŋ̪΃79Lˈ ŋ̪΃< VEGFʙ;dUt[UPɤ
ɣ'˱ ʞPŒF7'/΃΄ƓƱPÍ)&J:ƓƱ&M/˱ʞP²'5΃ˤʮˎ΃
Ŀ̠Pɤɣ'Ȗȷʹ΃ƓƱ&MLΊKnight et al., 2013΋$;I:΃ÏƝ:< M
SCsJðĆ'/̪΃ʮˎH΃ˤʮˎ-'5˱ʞƓƱͮƀ:͍˽9ƕýPǼ/'5
LMSCs:IL΃ÏƝ;̍ʮ9[wi<ǣJ:9259ʏȊʮˎ˞̩
΃ˤʮˎH̪΃ʮˎ:ðĆ)LɼǊɷ9Åɥ7ʏȊ'/ MSCsɤɣ)LdUt[
U˱ʞǝɣHt_hɤɣ΃ÏƝ̺͘ʮˎ;̢̾PÍ̼)L$76΃ÏƝ:ţ
¡)L͗ǊɷÅɥŀĥ&M5LAT-MSCs< BM-MSC:ȢA ALPȳƦÁ!ɼ
Ǌɷ9Åɥ<Ə-;΅dUt[UɤɣˏƑ!΃ÏƝ:ţ¡)LěˏƦ
LLinero et al. (2014)<AT-MSCs;ľͿȾPVd^;΃ȕǐ͇À:ƻ¡)L$7
6΅΃ÏƝăǼƛJM/$7Pŀĥ'5LC/$;ŀĥ6< MSCs;ľͿȾ
¦:<IL-6IGF-1, TGFβ, VEGFPDGFBBbFGFEGFCCL2CCL5ʙģCM
5L$7ʈ&M5K$MJ;ıŖ΃êɣ̿ʐ6;˱ʞǝɣʮˎŅȞ̾ ̢
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ðĆ:͘¡'/7˄JML 
 $MC6ŀĥ&M/ MSCs:IL΃ÏƝ[wiPG7:ɔ˱ȾľͿʮˎ;΃Ï
Ɲ[wi;¸̑PĴ 27:ʈ'/ǴŜ΂6˲2/ i-QDPÇɥ'/̧̳̂ǺJ
ʏȊ'/ AT-MSCs<ľͿǸ¹:͘OJ* ALP͢Ʀʮˎ7'5ɣʀ'ɼǊɷ:΃ÏƝ
:͘¡'5LěˏƦ˄JM/ś͏̂Ǻ<˲259G;;ʰ ʾ¦6ʆ̎&
M/ʏȊʮˎ;͏:ľͿǸ¹͗;ŋ 9ź<˾JM59 
 Ǟ6dUt[Uɤɣ:IL͗Ǌɷ9ÏƝÅɥ7'5ǴŜ΂6ɵɟʆ̎&M/
dUt[U;Ŋ!̲'/ľͿȾ¦:ģCMLdUt[UΊLinero et al., 201
4΋΋7˟'/C/ SF/SFMʮˎ6<ǝ/: BMP2;ɤɣH΅ɎƉ; CCL2ĕ> CC
L5;ɤɣʆ̎&M5Lʙʮˎ˞̩:IL΃̺͘ʮˎ@;ðĆIKGȺƦıŖ:
ILƔͲƑ7˄LĝıŖ;æÃɷ9Åɥ7'5 BMP2< MSCs;΃ðĆ:
5ə:͍˽9ıŖ6Kȕǐ͇À:ͩʓ)L MSCs;΃ðĆPÍ̼)L(Tsuji et al. 
2006)Li et al.(2007)< ͅ½ŖŬâ:IK BMP2ͅ½Ŗ;ɵɟP΅F/ AT-MSCs
`ɚ;ů΃ȕǐ:ŧ'5΅ǯăƦPʈ'/¬Pŀĥ'΃ÏƝ:"L BMP2
;͍˽ƦP̔(5LǞ CCL2H CCL5<Čɠĕ>_Rg;̢̾PÍ'$
MJ;ʮˎ<ʷ5˱ʞǝɣ:ţ¡)L(Aplin et al., 2010Suffee et al., 2011)&J
:ČɠH_Rgɤɣ)L TNF<΃ÏƝǥ;̪΃è΃ƓƱ:5͍˽
9Ù Pǅ3$7Gŀĥ&M5L(Gerstenfeld et al., 2003)æÃɷ:< TNFαĚšÃ
zp_SVtVh:5΃ÏƝóǱ; MSCs;ͩʓHʃɏĆ̪΃;êĤĘʙ!
3;ÏƝ̿ʐ̽Ƌ)L$7J̪ ΃è΃Ć:"L TNFα;͍˽ƦPʈ'5L
C/CCL2<΃ÏƝóǱ:5ʅ΃ʮʮˎH΃ˤù΁ʮˎ;̢̾PÍ)ΊLi et al., 
2007΋&J:ƒʄʔŝ;Þ˲ʄʔ6 shRNA:IK CCL5;ͅ½ŖɵɟPzp_nV
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'/ AT-MSCs<˱ʞǝɣˏHŋ˘΃ÏƝˏ˨'!Á)L$7Pŀĥ'5LΊki
mura et al., 2013΋·;ʁ˾:ĀCXCL12ʙ;ͅ½Ŗɵɟ:35ǯƭ9ź<̎
FJM92/G;;ɔ˱ȾľͿʮˎ<˱ȾľͿʮˎ:ȢA΅Øġ:L$MJ
;ŀĥ7ǴŜ΂6ƛJM/ SF/SFMʮˎ;dUt[URUJSF/SFMʮ
ˎ΃ÏƝ̿ʐ6͍˽9˱ʞǝɣ7΃ˤʮˎĕ>̪΃ʮˎ@;ðĆH-;̢̾P͗Ǌ
ɷ:Í'/ʲǼSC/SCMʮˎ:ȢA΅΃ÏƝˏPʈ'/7˄5L$;¸̑P
̊ǣ)L/F<&J:̍ʮ9ʄʔP˲Ƣ˽LǴɔ˱ȾľͿʮˎ΃ʰʾ;Ï
Ɲ:Ƒ!ţ¡6 L$7<ǣJ6L 
 
 
  
AT#MSCs(in(SF/SFM(
BMP2↑( CCL2↑(CXCL12((((((CCL5↑(
Migra8on(of((
macrophage(&(monocyte
angiogenesis
BM#MSCs(Osteoblast(
Chondrocyte
VEGF(
Migra8on↑(
Bone%repair%↑
Migra8on(of((
Osteoblast(&(Osteoclast((
Precursor(cells
TNFα
Endo#chondral((
Forma8on(↑
Cytokines(produc8on(↑(
s8mula8on
28%SF/SFM
%%

	SF/SFM (
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ʘ 6ʖ ʺǄ  
 
 Ǵʄʔ͖ɵPC7FL7ǝ/:͖ɵ'/ɔ˱ȾľͿʨ<ɔ˱Ⱦɢńːˉʰʾ
J MSCsPČͫ'řś¢3ăɞɷ:ŅƁ6 LľͿʨ6LC/ŅƁ&M/ɔ˱Ⱦ
ľͿʮˎ<šį@;ǊʀŊðĆˏMSCsȏ[Pɵɟ'/ MSCs6Kʪ
20ǡ·Ί5ʶ¶΋ľͿƘGcwƓƱˏPŒF7'/ƅʮˎ7'5;Ʀ̠Pʸǅ)
L$7ʆ̎&M/&J:Ǵɔ˱ȾľͿʮˎŋ˘΃ȕǐ:ŧ'5΅ȪɳăǼPǅ
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/ɤȌƸ˳ʺĞʄʔƴ|UZsT[ʄʔ͇͕ʮˎŅȞöƜʄʔ` Renu 
Wadhwa`͔:ǕF5Ȼ̕/'C)&J:Ǵʄʔ:Ŋŋ9%ċþP/0
/ɤȌƸ˳ʄʔƴ|UZsT[ʄʔ͇͕ Kaul SunilʄʔīRan Gaoʄʔīʛȯ
ŋŘơ˜˱ʞŉʍ;Â˭˭ŌÞɣǚƓŉʍ;˥̘©ÞɣʮˎʍŘʄʔƴ;ćǷĖʩ
ŖȣʛȯŋŘêɣƅʮˎɣɘŘ΅ŷɿˁĂǗŵƄǨĂǗ¥>:ʄʔŝ|
:ʉɨ'#C) 
 
 
 
 
 
 
 
 
 
